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ABSTRACT 



Context, Active galactic nuclei (AGN), powered by accretion onto supermassive black holes (SMBHs), are thought to be scaled up 
versions of Galactic black hole X-ray binaries (BH-XRBs). In the past few years evidence of such correspondence include similarities 
in the broadband shape of the X-ray variability power spectra, with characteristic bend times-scales scaling with mass. 
Aims. The aim of this project is to characterize the X-ray temporal properties of a sample of AGN to study the connection among 
different classes of AGN and their connection with BH-XRBs. 

Methods. We have performed a uniform analysis of the power spectrum densities (PSDs) of 104 nearby (z< 0.4) AGN using 209 
XMM-Newton/pn observations. These PSDs span = 3 decades in temporal frequencies, ranging from minutes to days. The PSDs have 
been estimated in three energy bands: 0.2 - 10 (total), 0.2 - 2 (soft), and 2-10 keV (hard). The sample comprises 61 Type-1 AGN, 
21 Type-2 AGN, 15 NLSy 1, and 7 BLLACS. We have fitted each PSD to two models: (1) a single power-law model and (2) a bending 
power-law model. 

Results. Among the entire sample, 72% show significant variability in at least one of the three bands tested. A high percentage of 
low-luminosity AGN do not show any significant variability (86% of LINERs). The PSD of the majority of the variable AGN was 
well described by a simple power-law with a mean index of a = 2.01+ 0.01 . In 15 sources we found that the bending power law 
model was preferred with a mean slope of a = 3.08± 0.04 and a mean bend frequency of (v b ) =s 2 x 10~ 4 Hz. Only KUG 1031+398 
(RE J1034+396) shows evidence for quasi-periodic oscillations. The 'fundamental plane' relating variability timescale, black hole 
mass, and luminosity is demonstrated using the new X-ray timing results presented here together with a compilation of the previously 
detected timescales from the literature. 

Conclusions. Both quantitative (i.e. scaling with BH mass) and qualitative (overall PSD shapes) found in this sample of AGN are in 
agreement with the expectations for the SMBHs and BH-XRBs being the same phenomenon scaled-up with the size of the BH. The 
steep PSD slopes above the high frequency bend bear a closer resemblance to those of the 'soft/thermal dominated' BH-XRB states 
than other states. 

Key words. Accretion, accretion disks - Galaxies: active - Galaxies:nuclei - X-ray:galaxies 



1. Introduction 

The dynamics of accretion around BHs should be similar 
for different masses, with characteristic size scales and hence 
timescales simply scaling with their mass (at a given accretion 
rate relative to the Eddington limit). Therefore, we expect to 
find similarities between the properties of luminous accretion 
flows around stellar mass BHs in X-ray binaries (BH-XRBs; 
Mbh ~ 10 M ) and supermassive black holes (SMBHs) in 
Active Galactic Nuclei (AGN; with M BH ~ 10 6 - 10 9 M G ). 
However, the details and reliability of the p roposed scaling rela- 
tions are currently not well understood (see iMerloni etal.ll2003r. 
IKording et ail 120071; lMcHard\il2010l for a review). 

X-ray variability - thought to originate in the innermost re- 
gions of the accretion flo w - is an important a s pect of the AGN- 

20021; Markowitz et all 



XRB connection 
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2003 ] [Vaughan et all [2003Bh iMcHardvetlul l2006TlMcHard4 
20 id I Vaughan et all |20iT1l Both AGN and BH-XRBs show 
'red noise' power spectra (or power spectral density, PSD) that 
decrease steeply at high frequencies (short timescales) as a 



power law, P(v) ~ v~ a (where v is temporal frequency), typi- 
cally with a « 2. Below some characteristic frequency Vb the 
PSDs flatten, and these bend frequencies scale approximately 
inversely with the BH mass from BH-XRBs to AGN. However, 
the PSDs of BH-XRBs depend on the 'state' in which the sys- 
tem is observed. In the soft state the PSD is usually well de- 
scribed by a simple bending power-law, with a slope a > 2 
above some bend frequency Vb, and a s lope of a «1 extend- 
ing unbroken to much lower frequencies dCui et allll997l) . In the 
hard state the PSDs are generally more complex, with additional 
bends and peaks at lower frequencies, and are usually modeled 
as a mixture of zero-centred Lorentzian compone nts (see e.g. 
iRemillard & McClintockll2006HWilms et all 120061) . In addition 
there are transitional states that display a range of timing be- 
havior. The accretion 'states' of AGN are not clearly understood 
(IKording et all 120061 iFender et all 120061) but there is some ev- 
idence to support the idea that luminous, radio-quiet AGN rep- 
resent supermassive analogues of BH-XRB in the 'soft states' 
(lUttley et all l2002t " 
120051; IVaughan et all 1201 ll) . 



McHardy etaD, l200l; lUttlev & McHardvl 
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One striking and common property of the X-ray variabil- 
ity of BH-XR Bs is the prominent quasi-perio dic oscillations 
(QPOs, see e.g. lRemillard & McClintockl l2006). which are seen 
as strong, narrow peaks in the PSDs. Until recently there were 
no ro bust claims of QPOs in AGN (see e.g. IVaughan & Uttlevl 
12001 . This changed when Gierlihski et al. (2008) reported a 
QPO for the Narrow-line Seyfert 1 (NLSyl) REJ1034+396, 
which remains the only case to date for an AGN (see also 
iMiddleton etlull2009t;IVaughanl.l2010l) . 

The main purpose for the present paper is to characterize 
the PSD of a large sample of AGN including a range of AGN 
subclasses. With this large sample we address some outstand- 
ing problems such as: what is the most common PSD shape for 
AGN? how does this compare to BH-XRBs? How does the PSD 
vary with AGN properties (BH mass, AGN subtype or luminos- 
ity)? Are there any other strong candidate of QPO among the 
AGN? We have made use of the extensive XMM-Newton archive 
to obtain a sample of 104 AGN with 209 observations of at least 
40 ksec. This is the largest sample of PSDs of AGN ever ana- 
lyzed. 

2. The sample and the data 

We have selected observations of AGN from the XMM-Newton 
public archives until February 2012. Note that this should 
include all the sou rces within the 2XMMi DR3 catalogue 
dWatson et all 120091) . The AGN are all identified in the cata- 
logue of Quasars and AGN by IVeron-Cettv & Veronl (1201 OlPl 
with z < 0.4. We have selected data according to the following 
inclusion criteria: (1) include one or more members of the AGN 
sample (search radius 9 arcmin from the centre of the FOV), 
and (2) observation duration T > 40 ksec. The second crite- 
ria ensures a reasonable frequency range for the PSD estimation 
(the lowest observable frequency scales is 1 /T). The final sam- 
ple comprises 209 observations and 104 distinct AGN. 

Table Q] gives details of the sample members and rele- 
vant XMM-Newto n observations. The opt i cal cla ssification (Col. 
3) is taken from IVeron-Cettv & Veronl (120101) . Three objects 
(NGC4636, NGC4736, and N GC 6251) were re-classified int o 
the LINER class according to iGonzalez-Martfn et all J2009). 
The sample comprises 61 Type-1 AGN (3 QSOs, 54 Seyferts, 
and 4 LINERs), 21 Type-2 AGN (11 Seyferts and 10 LINERs), 
15 NLSyl, and 7 BLLACs. Note that we consider Sli class in 
the catalogue (broad Paschen lines observed in the infrared) as 
Type-1 Seyfert and Slh (broad polarized Balmer lines detected) 
as Type-2 Seyferts. The redshifts given in Col. 4 (Tab. Q3 were 
taken from the NASA/IPAC extragalactic database (NEE0) us- 
ing the redshift-independent distance when it was available. The 
cosmology assumed was Hq = 75 km s _1 Mpc~'. BH masses 
(Mbh) and bolometric luminosity (Lhoi) reported in the literature 
are shown in Cols. 5 and 6 together with the corresponding refer- 
ence (Col. 7). We included the reverberation mapping estimate if 
available and th e velocity dispersion es timate using the correla- 
tion reported by Tremaine et al. (2002) otherwise. The velocity 
dispersions are taken from HyperLeda database^. 



3. Data reduction 

XMM-Newton data were processed using the SAS (vlO.0.2) and 
the most recent calibration files available. In this paper, only the 



EPIC pn data ( Strii der et all 1200 ll) were analyzed; the pn data 
have a higher count rate and lower pile-up distortion than the 
M PS data (the effect of pile-up on PSD estimation is discussed 
bv lTomsick et~afll2004l) . 

Time intervals of quiescent particle background were deter- 
mined through an algorithm that maximizes the signal-to-noise 
ratio of the net source spectrum by applying different constant 
count rate threshold on time serie s of single-event, E>1 keV 
events, from the full field-of-view dPiconcelli et alll2004l) . 

The AGN sky coordinates were retrieved from nedQ and 
source counts in each case were accumulated from a circular 
aperture of radius 40 arcsec0). The background events were 
selected from a source-free circular region on the same CCD 
chip as the source. We selected only single and double pixel 
events (i.e. PATTERN==0-4). Bad pixels and events too close 
to the edges of the CCD chip were rejected (using the standard 
FLAG==0 inclusion criterion). 

Source and background light curves were extracted (using 
evselect) in 100s time bins, in three energy ranges: 0.5 - 10 
keV (total band, T), 0.5 - 2 keV (soft band, S), and 2 - 10 keV 
(hard band, H). Th ese were screened for high b ackground and 
flaring activity (see IGonzalez-Martfn et al I I20TTI for a detailed 
explanation of the procedure). High background periods at the 
beginning and/or end of an observation were removed. Where 
short periods of high background occurred in the middle of ob- 
servations we excised the bad data and used the expected values 
derived by a linear interpolation of the neighbor data points to 
replace the missing data. This replacement is only done when 
less than 5 consecutive points need to be interpolated. For longer 
periods, the lightcurve is truncated selecting the largest consec- 
utive period. Note that drop outs are less than 1 % of the duration 
of the light-curve in all the observations presented here. Only 
light curves with remaining good durations longer than 40 ks 
were considered for further analysis. The net exposure times are 
listed in Col. 8 of tableQ] We also extracted the EPIC-pn spectra, 
with response matrix and auxiliary files generated using rmfgen 
and arfgen, respectively. 



4. Data analysis 

4.1. Hard band 2-10 keV luminosity estimates 

The 2-10 keV luminosity was estimate by fitting the 2-10 
keV spectrum using an absorbed power-law model (using xspec 
version 12.6.9q). For the Galactic absorption we used the hy- 
drogen column density {Nh) estimates from the HI maps of 
Dickev & LockmarJ(ll9901) . Additional absorption was also con- 
sidered to account for the curvature of the spectrum of some 
AGN. The free parameters in the model were the intrinsic Nh, 
spectral index, and the power-law normalization. We did not 
attempt a more detailed spectral analysis, as we required only 
reasonable estim ates of th e X-ray luminosity. This method was 
already used by iHo et all (1200 ll) to estimate the luminosity in 
sources with low signal-to-noise data. The resulting 2-10 keV 
luminosities are given in Col. 10 of TableQ] 

We have compared these luminosities with those fo r 
the same obj e cts rep orted by Gonzalez-Marti net al.l (|2009); 
iPanessa et all d2006l) : lO'Neill et all d2005l and references 
therein). LLAGN (i.e. Type-2 Seyferts and LINERs) show 



1 http://heasarc.nasa.gov/W3Browse/all/veroncat. html 

2 http://nedwww.ipac.caltech.edu 
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4 The NASA/I PAC E xtragalactic Database (NED): 
http : / /ned . ipac . caltech . edu/ 

5 This includes approximately 90 per cent of the PSF for an on-axis 
source with the EPIC pn instrument. 
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a very good agreement while Type-1 Seyferts, QSOs, and 
NLSyl show the highest discrepancies, as expected due to 
the high long-term variability. NLSyl show strong soft ex- 
cesses interpreted a s optically thick material seen in reflection 
dCrummv et al.L 120061) or opti cally thin material seen in absorp- 
tion ( Gierliriski & Done, |2004|). This soft-excess shows long- 
term variability (see lBoller et al.l 0*996. and references therein). 

4.2. Power spectrum estimation 

The PSD gives the distribution of variability power (ampli- 
tude squared) as a function of the temporal frequency. The 
standard method f or estim a ting the PSD is by calculating 
the periodogram dPriestlevl Il98ll iPercival & Waldenl 119931: 
Vaughan e t all 12003 A). Fig. Q] shows the periodogram for 
Mrk335. All the periodograms of the sample are shown in the 
electronic edition of the pap er. We use the "(rms/m ean) 2 " nor- 
malisation throughout (see IVaughan et al ., 2003 A, and refer- 
ences therein). 

The periodogram data were fitted using the maximum likeli- 
hood method discussed inlVaughanl ( l2010l hereinafter VI 0) and 
Barret & Vaughan (2012). For a given parametric model P(v; ff), 
the best-fitting model parameters, 6, were found by maximizing 
the likelihood function, which in practice was done by minimiz- 
ing the following fit statistic 



N/2 
7=1 



•logP; 



(1) 



This is (twice) the minus log-likelihood, where L and Pj are the 
observed periodogram and the model spectral density at Fourier 
frequency Vj, respectively. Confidence intervals on each model 
parameter were estimated by finding the set of parameter values 
for which AS = S(ff)-S m j n < 1 .0, this corresponds to 68 . 3% in- 
terval s (this clo sely parallels the AC m ethod discussed bv lCashl 
[T9791) . See also lVaughan et ail d20(B . 

Following the previous work on the PSDs of AGN we used 
two models: 

- Model A : simple power law plus constant (denoted Hq by 
V10). 



P{v) = Nv~ a + C 



(2) 



The model has three parameters: N, the power law normal- 
ization; a, the spectral index; C, an additive constant to ac- 
count for Poisson noise. 
- Model B : a bending power law plus constant (denoted H\ by 
V10). 



P ( V ) = Nv~ 



1+^ 

Vb 



+ C 



(3) 



The free parameters for this model are: the normalization N, 
the spectral index above the bend a, the bend frequency Vb, 
and the constant C. 

These XMM-Newton data are relatively insensitive to 
the exact low frequency index, and we assume the typical 
value of 1 found fro m long-term X-ray monitoring studies 
(e.g.lUttlev et all 12002: Mar kowitz et all 120031: iMcHardv et all 
12004 120061. The lowest frequencies available with these XMM- 
Newton data are ~ 0.7 - 2.5 x 10~ 5 Hz (set by the minimum and 
maximum duration of continuous observations, 40 and ~ 130 
ks respectively). The typical high frequency bend for a low mass 



Seyfert galaxy occurs at around Vb ~ fewl0~ 4 Hz, which implies 
only ~ 10-40 Fourier frequencies below Vb, usually insufficient 
to obtain a precisely constrained power law index. 

Temporally close observations of the same objects were an- 
alyzed together to better constrain the final parameters (the peri- 
odograms were fitted simultaneously with all parameters except 
C tried between the datasets). Note that we consider as tempo- 
rally close observations those coming from the same observing 
run according to the first 6 digits of the ObsID. The resulting 
parameters are shown in tables |2] and [3] 

The Likelihood Ratio Test (LRT) was used to select be- 
tween the two models. The simpler model (A) is preferred 
in the absence of a strong prefere nce for the more com plex 
model (B). For reaso ns explained bv lProtassov et al.l (120021) and 
[Freeman et al.1 ( 1 1999b the LRT is not well calibrated when when 
the null values of the additional parameter of the more complex 
model are not well defined, as is the case here (e.g. the null value 
for the bend frequency in Model B is not well defined in this 
sense). An accurate calibration of this test using posterior pre- 
dictive checks can be computationally expensive (see V10), so 
in this case we used the standard LRT with a p < 0.01 signif- 
icance threshold as a crude but simple check for the presence 
of a bend in the PSD. The simulation results of V10 suggest 
that this criterion is conservative in the sence that the number 
of false positives is fewer than expected. Where a bend is de- 
tected (i.e. Model B selected) we parametrized the PSD ampli- 
tude at the bend f requency as A DS d = VbXP(vb) = N/2 (following 
PaDad akiil2004T) . where N is the normalisation (equation[3), i.e. 
the peak in v x P(v) space. 

The Poisson noise level, C, was usually considered a free pa- 
rameter. The expected Poisso n noise level was calculated assum- 
ing the standard formula (e.g. lUttlev et all 120021: IVaug han et al., 
2003A) and this value was used in cases where the parameter C 
was poorly constrained in the periodogram fitting (these obser- 
vations are indicated by an asterisk in tables|2]and|3). 

As a crude but simple check for the presence of highly coher- 
ent oscillations (strictly or quasi-periodic) we identify the largest 
data/model outlier from each periodogram. This was then com- 
pared to the x\ distribution expected for periodogram data to 
give a p-valne. Candidate QPOs were flagged when a p < 0.01 
criterion was met (after correcting for the number of frequen- 
cies in the periodogram). A similar test was applied to the peri- 
odogram data after smoothing using a three-point top-hat filter, 
i.e. testing the running mean of each triplet of adjacent points. 
This test improves sensitivity to QPOs that are broader than the 
frequency resolution of the data. These p-values are not cor- 
rectly calibrated, for reasons explained in Vaughan (2010), but 
such tests proved to be extremely efficient as a crude indicator 
of potentially interesting data. 

There are two main types of bias that may effect Fourier- 
based power spectral analysis, 'aliasing' and 'leakage' (see 
i PriestlevL 1 198 it IPercival & Waldenl 119931: iDeeter & Bovntonl 
119821 lUttlev et all 120021) . Aliasing is negligible for the present 
data, which are contiguously sampled. Leakage may however 
cause intrinsically steep power spectra (power law indices a > 2) 
to show slopes close to a = 2. This point is discussed further in 
section [5. 7 1 

5. Results 

5. 1 . Variability of the sample 

We considered an observation variable if there was an excess 
above the constant value expected from the Poisson noise in the 
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MARK335-30687 (Single power-law) MARK335-30687 (Broken power-law) 




1CT 5 1CT 4 !0~ 3 10~ 5 1(T 4 I0~ 3 

Frequency (Hz) Frequency (Hz) 



Fig. 1. PSDs fits (continuous line) to Model A (left) and Model B (right) for the Mrk335 data (ObsID 306870101) using the broad 
(0.2 - 10 keV) energy band. The dashed lines shows the two components of the model: constant Poisson noise and the source PSD 
model (power-law, left; bending power-law, right). The dot-dashed line shows the 'global' 90% confidence limit use to flag QPO 
candidates. Appendix B shows the corresponding figures for the complete sample. 



periodogram. We report the detection of variability in Col. 9 of 
TableQ]as: (T) for the total 0.5 - 10 keV, (S) for the soft 0.5 - 2 
keV, and (H) for the hard 2-10 keV energy bands; (N) indicates 
no variability detected in any band. 

Seventy five out of the 104 AGN (72%) showed variability in 
at least in one of the three bands tested. Among them, 56 showed 
significant variability in the total band, while three varied only 
in the hard band (NGC985, 2E 0414+0057, and NGC4258). 
Twenty nine of the 104 AGN (28%) did not show significant 
variability in any of the three bands tested. These sources are: 
12 of the 14 LINERs; 2 of the 11 Type-2 Seyferts; 12 of 54 
Type-1 Seyferts; 2 of the 3 QSOs; and 1 of the 7 BL Lacs. 
All the NLSyls and 78% of the Type-1 Seyferts were variable, 
but most of LINERs are not variable. Finally, five sources were 
variable only in some of the observations (namely, OJ +287, 
NGC2992, PG 1116+215, Mrk279, Mrk205, 3C273, XCom, 
and RBS 1399). The lack of detected variations in these cases 
can be attributed to the limited quality of the data. 



5.2. Model selection 

Among the variable sources, we have been unable to constrain 
the parameters of Model A in six sources, and an additional nine 
have unconstrained values in a subset of the observations and/or 
energy bands (marked as * in Table 0. This is due to the low 
number of bins in the PSD above the Poisson noise (e.g. see Fig. 
□ of NGC4151, ObdID = 1 12830201, for the total energy band 
in the electronic edition). 

Model B is selected over Model A (using the LRT) in 17 
AGN (44 observations, see Tab. |5). However, MS 22549-3712 
and Mrk586 gave very poorly constrained parameters for Model 
B. We consider these two sources as tentative detections of a 
bending PSD. Moreover, we have found a break in PKS 0558- 
504 far from that reported by Panadaki s et al.l d20 10). However, 
our bend is m ore likely a bump on the PSD or a broad QPO 
as claimed by Papadakis et alj d2010l) . All the objects for which 
Model B was selected are Type-1 AGN but the Circinus galaxy. 



5.3. QPO detection 

The test for highly periodic oscillations found no candidates be- 
sides KUG 1031+398 (better known as RE J1034+396). A QPO 
of a Vh — 2.6 x 10~ 4 Hz was previously detected in this source by 
iGierliriski et al.1 d2008l) . The apparent significance o f the QPO is 
lower than that reported by |Gierliriski et al.l (120081) . for reasons 
discussed by V10. 

A QPO candidate was previously reported for 3C273 by 
Espail lat et all d2008h using a wavelet technique to analyze 
19 observations of 10 AGN obtained with XMM-Newton. For 
3C 273 they used four XMM-Newton observations, all of them 
included in our analysis. We found no indication of a QPO from 
these data. Another ca se of QPO report e d in th e literature is the 
blazar PKS 2155-304. ILachowicz et all d2009h reported a 4.6 h 
QPO in the 0.3 - 10 keV data (from ObsID 158961401). We 
have analyzed 8 observations of thi s source, in c luding this one; 
none showed indications of a QPO. iGaur et al.l f2010) analyzed 
all the XMM-Newton archival data of this source and reported 
a possible QPO in only one observation. This observation is in- 
cluded in our analysis and the hint of the QPO around 1 .7 x 10~ 4 
Hz can be seen in our PSD (see Fig.Q] in the electronic edition), 
consistent with their findings. However, the strength of this fluc- 
tuation above the continuum is not strong enough to suggest a 
QPO detection. 

5.4. Slopes 

The mean and standard deviation of the power law indices using 
Model A (for observation where Model B is not selected) was 
a = 2.01+ 0.01 for the total energy band (a = 2.06+ 0.01 and 
a — 1 .77+ 0.01 for the soft and hard bands, respectively). Fig. |2] 
(black filled histogram) shows the distribution of this parameter 
for the three energy bandsB The distributions are statistically 
indistinguishable according to the K-S test. 



6 Where more than one observation was available for the same ob- 
ject we computed the weighted mean. This was calculated only in the 
case of multiple distinct observations; when multiple observations oc- 
curred close in time the periodogram data were fitted simultaneously 
(see Section POI l. 
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Fig. 2. Histograms of power-law slopes for Model A (black- 
filled histogram) and Model B (blue-dashed histogram). Top, 
middle, and bottom panels show the histograms for the total, 
soft, and hard bands, respectively. The dashed-lines show the 
mean value for each distribution. 





-4.0 -3.5 
log(Breok) 

Fig. 3. Histograms of the bend frequency for Model B. Top, mid- 
dle, and bottom panels show the histograms for the total, soft, 
and hard bands, respectively. The dashed-lines show the mean 
value for each distribution. 



The mean value of the slope a when Model B model is pre- 
ferred is a — 3.08+ 0.04 for the total energy band (a = 3.03+ 
0.01 and a = 3.15+ 0.08 for the soft and hard energy bands, 
respectively). These slopes are significantly steeper than those 
found from the Model A fit, i.e. where no PSD bend was de- 



tected. Fig. |2] (blue-dashed filled histogram) shows the distribu- 
tions of slopes when Model B is preferred. 

5.5. Frequency bend 

We have found PSD bends for 17 AGN. Fig. [3] shows the 
histograms of frequency bends. Note that the weighted mean 
value is reported when more than one observation is avail- 
able for the same object. The resulting mean values are 
log(vbr) = -3.47 + 0.10 for the total band (results for the soft 
and hard bands were almost identical). 

Table [3] shows the PSD model parameters for the ob- 
jects where Model B was selected. Of these, seven have 
not been previously reported in the literature: ESO113-G10, 
Mrk586, 1H0707-495, ESO434-G40, Circinus, NGC 6860, and 
MS 22549-3712 (although Mrk586 and MS 22549-3712 are 
weak detections, see section l5T2l . Table|4]summarise the PSD in- 
formation for the source bend detections in the present analysis 
together with a compilation of 17 AGN with PSD bend frequen- 
cies from the literature. We have examined the XMM-Newton 
data for all of them. This extend of the list of AGN with de- 
tected PSD bends to 24 objects (or 22 if we exclude Mrk586 
and MS 22549-3712). Appendix A gives a short description of 
the published bends together with a comparison with our results. 

5.6. PSD bend amplitude 



Papadakisj d2004l) found that the PSD amplitude at the bend fre- 
quency, in terms of v x P(v), was roughly constant over a sample 
of AGN, at A ps d ~ 0.017, based on an analysis of normalized 
excess variances. Table|4](Col. 11) shows A ps ^ calculated from 
the estimated Model B parameters where a bend was detected. 
Although th e mean value is A = 0.009 ± 0.01 1, roughly consis- 
tent with the Papadakis (2004) result, this is dominated by three 
AGN with high A psd values, namely 1H0707-495, NGC 4051, 
and NGC 4395 (excluding PKS 0558-504 since it might not be 
a bend, see Section IBT2I 1. These three sources are NLSyls with 
low BH masses, which may indicate A psc i is not constant over all 
AGN but depends on Mbh and/or source type. 

5. 7. Leakage distortion 

A fraction of the power below and above the observed fre- 
quency range can 'leak' into the observe d bandpa s s due 
to the side-lobes of the Fejer kernel (see iPriestlevl Jl 98 1 ; 
iPercival & Waldenlll993l). This is the prob l em of spectral leak- 
age , discussed bvlDeeter & Bovntonl (ll982h . lUttiev et al.l (f2002) 
and lVaughan et al.l (I2003BI) . If the power spectrum is steep (e.g. 
a > 2) at or below the lowest observed frequency (vi = 1 /T) this 
can lead to a significant distort ion of the periodogram, as demon- 
strated by lUttlev et"a"D (120021) . However, the effect of leakage 
will be to reduce the sensitivity to bends, and QPOs, and bias 
the slope toward a = 2, not to introduce spurious PSD features. 
Indeed, the detection of a bend to a flatter slope (a < 2) at 
low frequencies is an indication that leakage cannot be signif- 
icant. Some of the data sets for which the best-fitting model is 
a single power law (Model A) with slope a « 2 are possibly 
be affected by leakage, for example NGC 3516 and NGC 4151 
which are known to show bends to flatter slopes at frequen- 
cies lower than those co vered by the XMM-Newton observations 
dMarkowitz et all 120031) . 

lFougerd (U985) discussed methods to recover accurate power 
spectral indicies in the presence of strong leakge. The simplest 



5 



O. Gonzalez-Martin and S. Vaughan: X-ray variability of 104 active galactic nuclei 




Fig. 4. Slopes obtained for Model A best-fit using the "end- 
matching" routine versus those obtained without using "end- 
matching". The dashed histograms are the normalized his- 
tograms for each distribution. The dashed line represents the 
one-to-one correlation and dot-dashed lines are the mean values 
for each distribution. 



method that is reasonable effective at reducing leakage bias is 
'end matching', removing a linear trend from the time series 
such that the first and last data points have equal values. We have 
used this technique for those sources best fitted to Model A for 
the 0.2-10 keV band. We recovered Model A as the preferred 
fit in all cases except IGRJ21277+5656 (log(v b ) = -3.84+°;^, 
a = 2.82°g 1 34 ). A longer observation is needed to confirm the 
presence of the bend in this source. Moreover, after applying 
end-matching we are unable to constrain the parameters for 
Fairall 9. (The time series of this time series is essentially a linear 
trend, no short timescale variability remains after end matching.) 

Fig. |4] compares the slope estimates with and without end 
matching. Only PKS 1547+79 shows a lower slope after the end- 
matching. However, the light-curve before end matching shows 
only a (roughly) linear trend; after end-matching no significant 
variability remains. The indices obtained after the end matching 
are on average higher than those obtained without end matching 
- the mean index is < a >- 2.29 + 0.01 - but still significantly 
lower than the mean high frequency index of those sources with 
detected power spectral bends. 



6. Discussion 

6.1. Summary of results 

We have presented an analysis of the high frequency power den- 
sity spectra (PSD) of a sample of 104 AGN observed with XMM- 
Newton. These PSDs span up to a; 3 orders of magnitude in fre- 
quency, ranging from minutes to over days. Our main results can 
be summarized as follows: 



Fig. 5. Observed bend timescale versus the BH mass. The con- 
tinuous line is the best- fitting following eqn.|4] The dashed lines 
illustrate the +1 dex region around this model. Circles represent 
NLSyls, squares represent Type-1 Seyferts, and the small green 
star is the Type-2 Seyfert. The open symbols are data-points re- 
ported in the literature and filled symbols are the data-points re- 
ported here. The Cygnus X-l data are shown as a red big star. A 
dotted line is used to link multiple frequency bends for the same 
object. 



- Variability: 72 per cent of the sample showed significant 
variability in at least one of the three energy bands tested. 
Moreover, most of LINERs in our sample do not vary (12 
out of the 14 LINERs). 

- PSD shape: The PSDs of the majority of the variable AGN 
could be described by a single power-law (i.e. Model A) 
with a mean slope of a « 2. In 17 sources - all Type-1 
Seyferts (many are NLSyls) but the Circinus galaxy - we 
found a strong preference for the bending power-law model 
(i.e. Model B). For this subset, the slope above the bend fre- 
quency is steep, a ~ 3.0, above a bend frequency typically 
around vt, ~ 3.4 x 10~ 4 Hz. Spectral leakage, which can bias 
the slope estimates in some cases, does not appear to explain 
discrepancy between the slopes found for Model A and B. 

- QPO detection: None of the sources analyzed in our sam- 
ple show a QPO, with the exception of KUG 1031+398 (RE 
J1034 + 396), discussed extensively in the literature. 



6.2. Scaling relations 

Several papers have demonstrated a strong, approximately lin- 
ear correlation between th e PSD bend timesca l e (7^ = 1 /vb) and 
the b l ack hole mass (e.g. Uttlev et ail 120021: iMarkowitz et all 
120031: IVaughan et all 120051). as expec t ed from simp l e scali ng ar- 
guments ( Sha kura & Sunvaevl Il976t iFender et all |2006). The 
simplest relation between timescale and fundamental AGN prop- 
erties that we might consider is 



log(T b ) =Alog(M BH ) + C 



(4) 
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extension of this model allowing for dependence of Tb on both 
Mbh and bolometric luminosity L/,„/: 



-6 -4-2 2 

log[Tpredicted (days)] 

Fig. 6. Observed bend timescale against the predicted value 
based on the best-fitting model following eqn. [5] Symbols are 
the same as explained in Fig. [5] 



D 




2.0 -1.5 -1.0 -0.5 0.0 0.5 

lo g[ L boi/ L Edd] 

Fig. 7. Ratio between the observed and predicted Tb values 
against Eddington rate (L\, \jLEdd) using eqn. [4] (top) and eqn. 
[5] (bottom). The continuous line shown in the top panel corre- 
sponds to the linear fit of the data. Symbols are the same as ex- 
plained in Fig. [5] 



where A and C are coefficie nts, and we expect A & 1 for a lin 
ear mass-timescale relation. [McHardv et al.l (120061) presented ai 



log(T fc ) = A \og(M BH ) + B \og(L bol ) + C 



(5) 



Table [4] gives values of \og(vb) for objects in which we find 
strong evidence for a bending power law PSD. From these we 
derive Tb (in units of days). This table also includes values for 
Mbh and Lboi taken from the literature and the values of log(/i), 
Mbh, and Lboi compiled exclusively from previous literature. 
Together, these present the largest compilation of characteristic 
timescales for AGN to date. Note that the BH masses are derived 
by several different methods, but we have used estimates from 
reverberation mapping campaigns where these are available. 

We fitted models following eqn. |4] and [5] to data from the 22 
AGN in table |4] We have used the Tb values from our analysis 
when available and those from the literature otherwise, except 
for PKS 558-504 for which we have used the value reported in 
the literature^. The models were fitted by simple linear regres- 
sion (i.e. unweighted least squares) on the log transformed vari- 
ables, with Tb in units of days , Lb \ in units of 10 44 e rg s" 1 , and 
Mbh in units of 10 6 M Q , as in lMcHardv et all (120061) . 

Fitting equation|4]gave parameter estimates A — 1 .09 + 0.21 
and C = -1.70 + 0.29, leaving a sum squared error (SSE) of 
11.14 (for 19 degrees of freedom, dof). The data and best-fitting 
regression line are shown in Fig. [5] Fitting equation |5] gave pa- 
rameter estimates A = 1.34 + 0.36, B = -0.24 + 0.28, and 
C = -1.88 + 0.36, leaving a sum squared error (SSE) of 10.69 
(for 18 dof). The parameter governing the luminosity depen- 
dence, B, is consistent with zero (p = 0.38 for 18 dof). Fig. [6] 
compares the bend timescale predicted by this relation (based on 
the observed Mbh and Lboi) to the o bserved Tf, values (compare 
with Fig. 2 of lMcHardv et al.Ll2006h . Fig. [7] shows the residuals 
(as a ratio of observed to model Tt) against Lboi/LEdd for the two 
different models. 

In order to test the reliability of these paramet e rs we have 
used the 'bootstrap' method (lEfron & Tibshirani , 1993). We 
generated N = 10 4 simulated datasets, each comprising 22 'ob- 
servations' (of Tb, Mbh, Lboi) generated by drawing an AGN at 
random (with replacement) from the real data. This provides a 
simple alternative assessment of the parameter confidence in- 
tervals. The 68.3 per cent confidence intervals on the param- 
eters are: A = [1.02,1.66], B = [-0.52,-0.046] and C = 
[-2.12,-1.65]. The boostrap confidence intervals are slightly 
narrower than the standard regression intervals. 

In order to test how well these scaling relations work over 
the full range of black hole masses we also show representa- 
tives values for the BH-XRB Cygnus X-l (red star in the fig- 
ures 

E The Cy gnus X-l points were not included in the fitting, 



7 Our bend in PKS 55 8-504 could the result of a bump (or broad 
QPO) already reported by Papadakis et al. (2010). 

8 There are several reasons for not weighting the data according to the 
uncertainties on T/,. Firstly, the high frequency bend in X-ray binaries is 
not stationary but varies in frequency by a factor of ~few, it is therefore 
plausible that the estimates of 7& may not represent the 'true' long-run 
average values if AGN power spectral are similarly non-stationary on 
very long timescales. Secondly, the M BH and Lboi estimates are also 
subject to significant statistical and systematic errors that are difficult to 
quantify. These represent additional sources of variance in the data not 
accounted for by the confidence limits on T b . 

9 We u sed the black hole mass of M BH = 15 ± 1M Q recently pre- 
sented by Oros z et all d2011l) . For the bolometric luminosity and char- 
acteristic time scale we to ok the average of sev eral estimates of the 
PSD bend frequency fro m lAxelsson et al.l d2006l) and bolometric flux 
from I Wilms et al.l d2006t) (using the data from their Model 5, Table 1 - 
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yet are clearly consistent with an extrapolation to much lower 
Mbh, strongly supporting the reliability of such relations over 
the full range of Mbh- Indeed, fitting the two models including 
the Cygnus X-l data resulted in parameter estimates consistent 
with those given above. 

The main diffe r ence c ompared with the results obtained 
by iMcHardv et al.l d2006l) is a weak dependence of Tb on 
Lboi in the present analysis. This remains the case when 
the fitting is repeated with or without the Cygnus X-l 
data (B = -0.27 + 0.27), using a lower mass estimate for 
NGC 43950 or using a weighted least squares regression (i.e. 
making use of the confidence intervals on Tb). However, if we 
use s maller black-ho l e mass e s for NGC 4395 ((log ( M B H) = 4.5, 
see IVaughan et all 120051: lUttlev & McHardvl [2005) and 
NGC 5506 QogfM R »1 = 6.5. see IMcHardv et all 120061. and 
NGC 6860 is remo v ecFT, t he dependence with the Lboi found 
by IMcHardv et all (120061) is recovered (B = -0.70 + 0.30, 
p = 0.01). Thus, this weak dependence on Lboi could be due to 
either the fact that our sample is more complete sample (more 
objects and new estimates from the old bends) or due to uncer- 
tainties on the BH mass and/or Lboi estimates. A bigger sample 
with better estimates on the BH mass and Lboi is need to check 
the dependence on Lboi- 

6.2.1. BLR versus variability 

IMcHardv et al.l (I2006I) also presented strong correlation between 
Tb and the width of the (permitted) optical lines, V, specifically 
Hy6. We have compiled optical line widths for the objects in 
TablesfJJandUbased on the available literature. For most sources 
we have used as V the full width at half maximum (FWHM) of 
the U/3 line, the exceptions are NGC 5506 and ESO434-G40, 
which are both heavily obscured and for which we have used 
the FWHM of the Pa/3 line. Fig.[8]shows the resulting timescale- 
FWHM relation. The linear correlation coefficient is r — 0.692 
(highly significant; p - 5.0 x 10 4 ). Simple linear regression of 
log(T'i) on log(V) was used to fit a relation of the form 

log(7fc) = Dlog(V) + £. (6) 

The best-fitting parameter values were D = 2.9 + 0.7 and E = 
-10.2 + 2.3, leaving a sum squared error (SSE) of 13.47 (for 19 
degrees of freedom, dof). This relation is again slightly flatter 
than the D = 4.2 found by IMcHardv et al.l d2006h . The 68.3 per 
cent confidence intervals on these parameters calculated by the 
bootstrap method are D = [2.2, 3.5] and E = [-12.3, -7.9]. 

6.3. PSD shapes 

For the ten objects with well-constrained Model B parameters, 
the high frequency slope is steep (a a 3). Such steep high fre- 
quency PSDs have been reported in the literature (e.g. Mrk335 

see McHar dv et alj 12006) for justification of this choice of model). The 
observations were chosen to be those with simultaneous bend frequency 
and bolometric flux estimates. The lu minosity L;,,,/ was derived assum- 
ing a distance of D = 1.86 ± 0.12 kpc dReid et aTll201 ll) . The final bolo- 
metric luminosity and frequency bend are = 2.26 + 0.73 x 10 37 erg 
s -1 and v b = 13.2 ± 6.0 Hz, respectively. 

10 NGC 4395 is the object in our sample with the most 'leverage' on 
th e regression model. It cou ld have a lower black hole mass as discussed 
bv lVaughan et alj|2005| andlUttlev & McHardvll2005l than the reverber- 
ation mapping mass of Pete rson et al.1 y005). 

1 1 We tried to remove NGC 6860 because it is one of the drop-outs in 
our correlation. 
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Fig. 8. Observed characteristic timescale versus the FWHM of 
Hp expressed in km s . Symbols are the same as explained in 
Fig. [5] 



and Mrk 766 by lArevalo et al.l 120081; IVaughan & Fabiani 120031 
respectively, see our Table |4] for details), but with little explicit 
discussion of this point. 

There seems to be no fundamental physical requirement for 
the PSD slop e to be steeper t han a — 2 at high frequencies (see 
footnote 7 of IVaughan et all 1201 ll) . Indeed, a a 2 seems to be 
the norm for BH-XRBs in 'hard' states in th e ~ 5 -50 Hz regime , 
above which there may be further steeping ( No wak et al.l 1 1 999 ; 
iRevnivtsev et all l2000|). The 'soft' states may sh ow steeper 
PSDs (Revniv tsev etalIl200CHMcHardv et all 12004). and so the 
steep high frequency PSDs observed from these AGN may sup- 
port the argument that AGN are supermassive analogues of soft 
state BH-XRBs. There are alternative explanations that must be 
considered, however. These include the fact that the AGN PSDs 
presented here are based on XMM-Newton data with a relatively 
soft X-ray response, while the BH-XRB results are based on ob- 
servations at harder X-rays with RXTE, and theref ore the known 
energy dependence of the high frequency slope (iNowak et all 
1999: IVaughan et alll2003Bl: lMcHardv et alll2004l) mav explain 
the apparently steeper slopes in AGN. (We have relatively lit- 
tle information ab out the PSDs of BH-XRBs at ~ 1 keV. See 
lUttlev et alJl20TTl for a rare example based on a bright 'hard' 
state observation.) Another possibility is that the steeper slopes 
are the result of a selection effect and are not representative of 
the larger population of bright AGN. The PSD bend is easier 
to detect when the high frequency slope is steep, and when the 
bend is at relatively low frequency. We cannot exclude the possi- 
bility that only a subset of AGN show such steep slopes but these 
are the ones for which the PSD bend, and hence high frequency 
slope, is easiest to constrain. 

The majority of the sample did not show evidence of a bend 
(i.e. insufficient evidence to select Model B over Model A in a 
LRT). The mean value of the PSD index for these objects was 
a as 2. The simplest interpretation is that these generally more 
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massive objects have lower Vb, and hence we see only the high 
frequency part of the PSD. This slope is a « 2.3 when the leak- 
age distortion is reduced using end matching, but this remains 
flatter than the high frequency slope for objects that do show ev- 
idence for a PSD bend. It remains possible that a more rigorous 
method to account for the leak age bias (e.g. the methodology de- 
scribed bv lUttlev et all 12002) could recover steeper slopes. But 
this could also result from a selection effect. If AGN show a wide 
range of high frequency PSD slopes, e.g. a ~ 2 - 4 above the 
bend frequency, then those with flatter slopes will be more dif- 
ficult to detect, as the change in slope (from the low frequency 
index of 1) is less pronounced. 

In order to study whether we detect all the expected bends, 
we have computed the predicted characteristic time scale Tb 
for sample members with Mbh estimates (70 out of the 104), 
assuming bolometric luminosity of Lb,,i — 30 x L2-10 (esti- 
mated as explained in Section |4~TT >. The PSD bend timescales 
is predicted to be within the observed frequency range for only 
17 sources. Of these we do indeed detect bends in 13. The 
exceptions are 1H419-577, NGC4593, IRAS 13224-3809, and 
NGC7314. However, note that if we use the relation found by 
iMcHardv et all d2006h IRAS 13224-3809 and NGC 73 14 are not 
expected to show a bend in our frequency range. For the rest 
of the sample members the predicted Tb value places it outside 
of the observed PSD bandpass. Moreover, all the non-variable 
sources have an expected bend well above the range analyzed 
here. 

6.4. Lack of QPOs 

We find no strong evidence for highly coherent oscillations 
(QPOs) beyond the well known example of KUG 1031+398. 
Some authors have pointed to the extremely soft spectrum of this 
source as an explanation of why this source appears to be unique 
in showing a Q PO. In fact, even for this sour ce the QPO appears 
to be transient (Middlet on et al.L f2009l 120 ill) . Less coherent os- 
cillations, i.e. QPOs with a broader features in the PSD, are com- 
mon to BH-XRBs, especially in harder spectral states, but are 
difficult to detect in the majority of t he curr ently available data, 
as dis cussed by Vaug han & Uttlevl (12005) and Vaughan et al. 
(1201 11) . 
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Num 


Name 


Type 


z 


l()i>(Mnu ) 

V TJ Dtt I 


loe(Lh„i) 


Ref. 


ObsID 


Expos. 


L(2-10keV) 


Var. 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


1 


Mrk335 


NLSY1 


0.0258 


7.3 


44.7 


(1) 


306870101 


114.5 


43.4 


(TSH) 
















600540501 


80.5 


42.9 


(TSH) 
















0601 


130.1 


42.9 


(TSH) 


2 


IZwl 


NLSY1 


0.0611 


7.4 


45.1 


(2) 


300470101 


79.8 


43.6 


(TSH) 


3 


NGC315 


L2 


0.0149 


7.2 


43.3 


(3) 


305290201 


46.6 


41.9 


(NNN) 


4 


PGC643840 


S1.0 


0.1650 


8.9 


45.8 


(2) 


205680101 


97.9 


44.3 


(NNN) 
















401930101 


41.8 


44.3 


(NNN) 


5 


ESO113-G10 


SI. 8 


0.0260 




44.2 


(2) 


301890101 


94.8 


42.7 


(TSH) 


6 


Fairall9 


SI. 2 


0.0470 


8.4 


45.2 


(1) 


605800401 


129.3 


43.9 


(TSH) 


7 


NGC526A 


S1.9 


0.0191 


7.9 


44.3 


(4) 


150940101 


41.3 


43.3 


(TSH) 


8 


RXJ0136.9-3510 


NLSY1 


0.2890 


7.9 


45.8 


(2) 


303340101 


44.1 


44.4 


(TSH) 


9 


3C59 


QSO 


0.2410 








205390201 


67.4 


44.4 


(NNN) 


10 


Mrk586 


NLSY1 


0.1553 


7.6 


45.5 


(2) 


048740101 


41.2 


44.3 


(TSH) 


11 


Mrk590 


S1.0 


0.0264 


7.7 


44.6 


(2) 


201020201 


44.8 


43.1 


(NNN) 


12 


Mrkl040 


S1.0 


0.016 


7.6 


44.5 


(2) 


554990101 


88.4 


43.0 


(TSH) 


13 


NGC985 


SI. 5 


0.0431 


8.1 


45.1 


(2) 


150470601 


54.4 


43.7 


(NNH) 


14 


NGC1052 


L2 


0.0049 


8.2 




(5) 


306230101 


49.9 


41.4 


(NNN) 
















553300301 


50.2 


41.5 


(NNN) 
















0401 


56.9 


41.5 


(NNN) 


15 


NGC1365 


SI. 8 


0.0045 


7.6 


43.8 


(4) 


205590301 


54.5 


41.9 


(TNH) 
















0401 


63.4 


41.6 


(TNH) 
















505140401 


121.7 


40.9 


(TNH) 


16 


PGCO 13424 


L2 


0.0350 








147800201 


89.9 


43.5 


(NNN) 


17 


2E04 14+0057 


BL 


0.2870 








161160101 


75.7 


45.1 


(NNH) 


18 


3C111 


S1.0 


0.049 








552180101 


116.0 


44.5 


(TSH) 


19 


1H0419-577 


SI. 5 


0.104 


6.3 


44.1 


(2) 


604720301 


106.0 


44.6 


(TSN) 
















0401 


60.2 


44.5 


(TSN) 


20 


3C120 


S1.5 


0.0330 


7.7 


45.5 


(2) 


152840101 


114.8 


44.1 


(TSH) 


21 


2E0507+1626 


S1.5 


0.0170 








502090501 


55.3 


43.2 


(TSH) 


22 


Ark 120 


S1.0 


0.0327 


8.2 


44.9 


(2) 


147190101 


98.4 


44.0 


(TSH) 


23 


MCG-02- 14-009 


S1.0 


0.02845 




44.4 


(2) 


550640101 


117.4 


43.0 


(TSH) 


24 


ES0362-G18 


S1.5 


0.01245 








610180101 


76.2 


42.5 


(TSH) 


25 


PKS05 18-45 


LI 


0.0351 








206390101 


48.6 


43.5 


(NNN) 


26 


PKS0548-322:G4 


S1.0 


0.0720 








142270101 


85.2 


43.7 


(TSN) 


27 


PKS0548-322 


BL 


0.0748 


8.1 




(6) 


142270101 


79.8 


44.4 


(TSH) 


28 


NGC2110 


S1.0 


0.0078 


8.3 


43.5 


(4) 


145670101 


42.7 


42.6 


(NNN) 


29 


PKS0558-504 


NLSY1 


0.13720 


8.5 


46.8 


(1) 


555170201 


120.8 


44.8 


(TSH) 
















0301 


125.8 


44.8 


(TSH) 
















0401 


123.1 


44.9 


(TSH) 
















0501 


124.2 


44.8 


(TSH) 
















0601 


115.1 


44.9 


(TSH) 


30 


Mrk3 


S2.0 


0.0135 


8.6 


44.8 


(4) 


111220201 


53.0 


42.4 


(NNN) 


31 


1H0707-495 


NLSY1 


0.0410 


6.4 


44.4 


(1) 


148010301 


74.7 


42.8 


(TSH) 
















511580101 


118.5 


42.8 


(TSH) 
















0201 


99.0 


42.8 


(TSH) 
















0301 


100.9 


42.7 


(TSH) 
















0401 


98.7 


42.7 


(TSH) 
















653510301 


109.8 


42.6 


(TSH) 
















0401 


121.8 


42.6 


(TSH) 
















0501 


116.8 


42.7 


(TSH) 
















0601 


119.4 


42.5 


(TSH) 
















554710801 


95.8 


42.6 


(TSH) 


32 


Mrk79 


SI. 2 


0.02219 








502091001 


74.8 


43.1 


(TSN) 


33 


PG0804+761 


S1.0 


0.10000 








605110101 


42.8 


44.7 


(TSH) 


34 


OJ+287 


BL 


0.3060 








401060201 


41.9 


44.7 


(NNN) 
















502630201 


46.8 


44.7 


(TSN) 


35 


Mrk704 


SI. 2 


0.02923 


8.1 


44.8 


(2) 


502091601 


97.5 


43.3 


(TSH) 


36 


NGC2992 


S1.9 


0.00712 








654910301 


58.7 


41.9 


(NNN) 
















0401 


57.3 


41.9 


(TNH) 
















0501 


55.2 


42.2 


(TSH) 
















0601 


55.2 


41.8 


(TNH) 
















0701 


55.2 


41.8 


(NNN) 
















0801 


50.9 


41.7 


(NNN) 
















0901 


55.3 


41.6 


(TNN) 
















1001 


59.8 


41.8 


(TSH) 


37 


3C218 


L2 


0.0549 


9.2 




(7) 


504260101 


115.0 


43.8 


(TNN) 


38 


MrkllO 


NLSY1 


0.0353 


7.4 


44.7 


(2) 


201130501 


43.8 


43.9 


(TSH) 


39 


ESO434-G40 


S1.0 


0.0085 


6.3 


44.3 


(1) 


302850201 


104.8 


43.2 


(TSH) 


40 


NGC3031 


LI 


0.0009 


7.9 




(6) 


111800101 


74.8 


40.3 


(TSN) 


41 


S40954+6533 


BL 


0.3670 








502430201 


52.4 


45.1 


(TSH) 


42 


NGC3227 


S1.5 


0.0052 


6.9 


43.9 


(1) 


400270101 


94.7 


42.3 


(TSH) 


43 


1ES1028+511 


BL 


0.3610 








303720201 


88.2 


45.6 


(TSH) 
















0301 


97.8 


45.7 


(TSH) 
















0601 


89.8 


45.5 


(TSH) 


44 


HE1029-1401 


S1.0 


0.0860 


8.7 


46.0 


(2) 


203770101 


42.5 


44.6 


(TSH) 


45 


KUG1031+398 


NLSY1 


0.0420 


6.6 


44.8 


(1) 


506440101 


88.1 


42.6 


(TSH) 
















561580201 


49.8 


43.0 


(TSN) 
















655310101 


41.8 


43.3 


(TSH) 
















0201 


52.8 


43.3 


(TSH) 


46 


RXJ 1054.3+5725 


S1.0 


0.2050 








147511301 


69.8 


44.4 


(NNN) 


47 


NGC3516 


S1.5 


0.0097 


7.5 


44.3 


(1) 


107460601 


89.8 


42.8 


(TSH) 
















0701 


119.8 


43.0 


(TSH) 
















401210401 


48.6 


42.5 


(TSH) 
















0501 


65.6 


42.9 


(TSH) 
















0601 


64.9 


43.0 


(TSH) 
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Num 


Name 


Type 


z 






Ref. 


ObsID 


Expos. 


L(2-10keV) 


Var. 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


O) 


(8) 


(9) 


(10) 


(11) 
















1001 


54.8 


43.0 


(TSH) 


48 


PG1 116+215 


S1.0 


0.1770 


8.5 


46.0 


(2) 


201940101 


84.8 


44.5 


(NNN) 
















554380101 


74.8 


44.5 


(TSN) 
















0201 


66.8 


44.5 


(TSH) 
















0301 


69.8 


44.5 


(TSH) 


49 


NGC3783 


SI. 5 


0.0096 


7.5 


44.4 


(1) 


112210201 


68.8 


43.0 


(TSH) 
















0501 


119.8 


42.9 


(TSH) 


50 


NGC4051 


NLSY1 


0.0036 


6.1 


43.6 


(1) 


109141401 


99.8 


41.8 


(TSH) 
















157560101 


46.8 


41.2 


(TSH) 
















606320101 


45.0 


41.2 


(TSH) 
















0201 


44.1 


41.2 


(TSH) 
















1601 


41.2 


41.2 


(TSH) 
















1901 


39.1 


41.2 


(TSH) 
















2201 


40.9 


41.2 


(TSH) 
















2301 


42.0 


41.2 


(TSH) 


51 


NGC4151 


SI. 5 


0.0030 


7.1 


43.7 


(1) 


112830201 


53.9 


42.4 


(TNH) 
















402660201 


45.1 


42.0 


(TNH) 


52 


PG1211+143 


NLSY1 


0.0820 


7.6 


45.8 


(2) 


112610101 


49.9 


43.9 


(TSH) 
















208020101 


47.7 


43.9 


(TSH) 
















502050101 


55.4 


43.7 


(TSH) 


53 


Mrk766 


NLSY1 


0.0129 


6.6 


44.1 


(1) 


109141301 


125.0 


42.5 


(TSH) 
















304030101 


91.7 


42.6 


(TSH) 
















0301 


95.3 


42.8 


(TSH) 
















0401 


98.2 


42.7 


(TSH) 
















0501 


91.9 


43.0 


(TSH) 
















0601 


98.2 


42.8 


(TSH) 


54 


NGC4258 


S2.0 


0.0019 


7.6 


43.5 


(5) 


400560301 


59.6 


40.6 


(NNH) 


55 


NGC4261 


L2 


0.0080 


8.7 


41.8 


(8) 


502120101 


115.8 


41.3 


(NNN) 


56 


Mrk205 


S1.0 


0.0708 


8.3 


45.6 


(2) 


401240301 


52.2 


44.1 


(TSH) 
















0501 


49.8 


44.2 


(NNN) 


57 


NGC4395 


SI. 8 


0.0010 


5.6 


41.4 


(1) 


142830101 


103.1 


40.2 


(TSH) 


58 


3C273 


S1.0 


0.1583 


8.9 


47.3 


(2) 


126700301 


54.8 


45.9 


(NNN) 
















0801 


57.6 


45.8 


(TSH) 
















136550101 


85.3 


45.7 


(TSN) 
















159960101 


54.8 


45.7 


(NNN) 
















414190101 


73.6 


45.8 


(TSH) 
















0801 


43.2 


45.7 


(TSH) 


59 


NGC4472 


LI 


0.0040 


8.8 




(7) 


200130101 


77.8 


40.3 


(NNN) 


60 


NGC4486 


L2 


0.0042 


9.6 


42.0 


(8) 


200920101 


69.8 


41.9 


(NNN) 


61 


LBQS1228+1 1 16 


QSO 


0.2370 




45.8 


(2) 


306630101 


67.8 


44.4 


(NNN) 
















0201 


92.8 


44.3 


(NNN) 


62 


MS 1229.2+6430 


BL 


0.1640 








124900101 


44.8 


44.3 


(NNN) 


63 


NGC4593 


S1.0 


0.0110 


6.7 


44.3 


(2) 


059830101 


73.0 


43.0 


(TSH) 


64 


NGC4636 


L2.0 


0.0040 


8.2 




(7) 


111190701 


56.0 


39.7 


(NNN) 


65 


NGC4696 


L2 


0.0094 


8.6 




(7) 


046340101 


41.5 


41.8 


(NNN) 


66 


NGC4736 


LI. 8 


0.0012 


7.0 




(7) 


404980101 


49.5 


40.0 


(NNN) 


67 


XCom 


SI. 5 


0.0910 








204040101 


84.5 


43.6 


(NNN) 
















0201 


92.2 


43.7 


(TSH) 
















0301 


91.8 


43.7 


(TSN) 
















304320201 


54.8 


43.6 


(NNN) 
















0301 


50.2 


43.6 


(TSH) 
















0801 


58.8 


43.8 


(TSH) 


68 


MCG-03-34-064 


S2.0 


0.0165 


7.8 


44.7 


(4) 


506340101 


85.7 


42.4 


(TNH) 


69 


IRAS 13224-3809 


S1.0 


0.0658 


6.8 


42.8 


(2) 


1 10890101 


57.8 


42.8 


(TSH) 


70 


MCG-06-30-015 


NLSY1 


0.0077 


6.7 


43.8 


(1) 


029740101 


80.3 


42.8 


(TSH) 
















0701 


123.6 


42.7 


(TSH) 
















0801 


121.5 


42.8 


(TSH) 
















111570201 


51.9 


42.8 


(TSH) 


71 


IRAS13349+2438 


NLSY1 


0.1070 


7.7 


45.5 


(2) 


096010101 


40.9 


43.9 


(TSH) 
















402080301 


59.8 


44.2 


(TSH) 


72 


NGC5252 


S2.0 


0.0230 


8.0 




(5) 


152940101 


59.0 


43.2 


(NNN) 


73 


PKS 1346+26 


L2 


0.0630 


8.6 


46.1 


(2) 


097820101 


44.7 


44.0 


(NNN) 


74 


IC4329A 


S1.2 


0.0160 


8.3 


45.5 


(1) 


147440101 


125.0 


43.8 


(TSH) 


75 


Mrk279 


S1.0 


0.0305 


7.5 


45.3 


(2) 


302480401 


56.2 


43.8 


(TSN) 
















0501 


56.1 


43.8 


(NNN) 


76 


PG1351+640 


SI. 5 


0.0870 


7.7 


45.5 


(2) 


205390301 


45.6 


43.1 


(NNN) 


77 


Circinus 


S2.0 


0.0011 


6.2 


43.6 


(9) 


111240101 


98.0 


40.5 


(TSH) 


78 


NGC5506 


SI. 9 


0.00674 


7.4 


44.0 


(1) 


554170101 


88.2 


43.1 


(TSH) 
















0201 


90.2 


43.1 


(TSH) 


79 


NGC5548 


S2.0 


0.0172 


7.6 


44.8 


(1) 


089960301 


79.8 


43.5 


(TSH) 


80 


PG1416-129 


S1.2 


0.1293 


9.1 


45.6 


(2) 


203770201 


45.1 


44.2 


(NNN) 


81 


ESO511-G030 


S1.0 


0.0224 


8.7 


44.8 


(2) 


502090201 


105.7 


43.4 


(TSH) 


82 


TON0202 


SI. 2 


0.3660 








111290601 


47.8 


45.0 


(NNN) 


83 


RBS1399 


BL 


0.1290 








111850201 


63.1 


45.0 


(TSH) 
















165770101 


62.4 


45.1 


(NNN) 
















0201 


65.4 


45.1 


(TSN) 
















310190101 


43.6 


45.0 


(TSH) 
















0201 


42.0 


45.3 


(TSN) 


84 


Mrk841 


S1.5 


0.0364 


8.5 


45.8 


(2) 


205340201 


42.9 


43.5 


(TSH) 


85 


PKS 1549-79 


S2.0 


0.15220 








550970101 


84.6 


44.7 


(TNH) 


86 


NGC6251 


L2.0 


0.0247 


9.0 




(7) 


056340201 


42.7 


42.8 


(NNN) 


87 


PDS456 


QSO 


0.1840 


8.9 


46.3 


(2) 


501580101 


85.7 


44.6 


(TSH) 
















0201 


82.4 


44.8 


(TSH) 


88 


3C390.3 


SI. 5 


0.0561 


8.5 


45.9 


(2) 


203720201 


48.4 


44.5 


(NNN) 


89 


ES0141-G55 


SI. 2 


0.0371 








503750101 


74.6 


43.9 


(TSH) 
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Num 


Name 


Type 


z 


log(M BH ) 




Ref. 


ObsID 


Expos. 


L(2-l()keV) 


Var. 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


90 


NGC6860 


S1.5 


0.01488 


7.6 


44.5 


(2) 


552170301 


114.8 


43.1 


(TSH) 


91 


M4509 


S1.5 


0.0344 


8.1 


45.0 


(2) 


306090201 


82.3 


44.1 


(TSH) 
















0301 


43.2 


44.0 


(TSH) 
















0401 


66.3 


44.0 


(TSH) 
















601390201 


55.8 


44.1 


(TSH) 
















0301 


63.1 


44.1 


(TSH) 
















0401 


60.2 


44.1 


(TSH) 
















0501 


60.2 


44.1 


(TSH) 
















0601 


62.1 


44.1 


(TSH) 
















0701 


62.4 


44.1 


(TSH) 
















0801 


60.2 


44.2 


(TSH) 
















0901 


60.2 


44.1 


(TSH) 
















1001 


64.8 


44.1 


(TSH) 
















1101 


62.1 


44.1 


(TSH) 


92 


IGRJ2 1277+5656 


NLSY1 


0.01440 








655450101 


130.3 


43.0 


(TSH) 


93 


CTSA08.12 


S1.2 


0.0300 




44.7 


(2) 


201130301 


42.8 


43.2 


(NNN) 


94 


PKS2135-14 


S1.5 


0.2000 


8.9 


46.2 


(4) 


092850201 


52.4 


44.8 


(TSH) 
















080940101 


54.2 


44.9 


(TSH) 
















0301 


55.1 


45.3 


(TSH) 
















124930201 


56.2 


44.8 


(TSH) 
















0301 


41.5 


45.0 


(TSH) 
















0601 


53.7 


44.8 


(TSH) 
















158961301 


56.7 


45.1 


(TSH) 
















1401 


61.3 


45.2 


(TSH) 
















411780201 


64.4 


45.2 


(TSH) 
















0401 


64.1 


45.0 


(TSH) 
















0501 


66.8 


44.7 


(TSH) 
















0601 


63.1 


45.0 


(TSH) 


95 


NGC7172 


S2.0 


0.0085 


8.2 


43.8 


(4) 


202860101 


53.4 


42.7 


(TNH) 


96 


NGC7213 


S1.5 


0.00514 


7.7 


44.3 


(2) 


605800301 


125.4 


41.9 


(TSN) 


97 


NGC7314 


S2.0 


0.0048 


6.7 


43.8 


(2) 


311190101 


78.9 


41.9 


(TSH) 


98 


Ark564 


NLSY1 


0.0247 


6.9 


44.9 


(1) 


206400101 


95.8 


43.4 


(TSH) 


99 


3C452 


S2.0 


0.08110 








552580201 


66.5 


43.6 


(NNN) 


100 


2REJ2248-511 


S1.5 


0.1020 


8.1 


45.5 


(2) 


510380101 


61.3 


44.1 


(NNN) 


101 


MR225 1-178 


S1.5 


0.0640 


8.0 


45.8 


(2) 


012940101 


60.8 


44.3 


(NNN) 


102 


MS22549-3712 


S1.9 


0.0390 


6.6 


44.3 


(2) 


205390101 


67.8 


43.1 


(TSH) 


103 


NGC7469 


S1.5 


0.0163 


7.4 


44.6 


(1) 


207090101 


81.4 


43.3 


(TSH) 
















0201 


75.4 


43.2 


(TSH) 


104 


NGC7582 


S2.0 


0.0052 


7.7 


43.3 


(4) 


204610101 


84.8 


41.2 


(TSH) 



Table 1. Sample main observational properties. References for BH masses and 
bolometric luminosities: ( 1) See referenc es i n Tab. 4. (2) iPonti et al.l d201 lh 
and references there in, GilGu et al.1 (120071). (4 ) IVasudevan & Fabianl d2009h . (5) 
IWoo & Urrvl ( 120021). (6) iGultekin et all (120091) . (7) BH mass ob t ained using the 
relation derived bv | Tremaine et al.l (120021) . (8) lEracleous et al.l l l2010l) . and (9) 
iGreenhill et aUd2003l) . 



ObsID 



0.2-10 keV 
log(N) < 



0.2-2 keV 

log(N) 



(1) 



(2) 


(3) 


(4) 


(5) 


306870101 


-9 1 + a5 

-8-5 


2 7 +0 2 


-8 9 +0 5 


600540501 


7 a +0-4 
" 7 - 8 -0.4 


7 4 +0.1 
-0.1 


-7 6 + - 4 

-04 


0601 








300470101 


-8.2 +°| 


2.4 +0 - 2 

2 +^ 
2i+8:5 




301890101 






605800401 


7 « 
"'■ S -0.8 


i c +8:$ 

-'• S -0.8 


150940101 


-13.4 + 40 


3 3 + 1 - 3 


-13.9* 


303340101 




2.0 + - 3 


-6.7 + os 


048740101 
554990101 


-10.1 f 

o c +0.8 

-s.s _ os 


2.9 +8* 
2 4 ^ 

-0.2 


-9.7 
o 7 +o:i 

-»■ ' _ .9 


150470601 








205590301 


■> i +0.4 
"•'•* -0.4 


1.2 1! 




0401 








505140401 


7 7 +0.6 
"4"+ -0.8 






161160101 








552180101 


-7 6 + L5 


i o +0.4 
1.8 „, 




604720301 


-14 2 + 2 - 3 
i+.z _ 3 


-X 7 +0.6 
J -4- -0.5 


-i4.i m 


0401 








152840101 


-8 4 +0 - 8 


7 7 +0.2 
Z..Z. _ 2 


o c +0.8 

-8.5 


502090501 


-7.0 «| 


1 9 + - 3 


-7 4+ 1 - 2 

-1.5 


147190101 


-17.0* 


3 7 + 2 - 3 
1-8 % 


-18.1 * 


550640101 




-5 3 MA 

J ' J -0.5 


610180101 


-9.4 «•» 


2 6 + - 3 


-9.6 + 1 1 


142270101 


<r 7 +08 
~ J -' -0.9 


-5 5 + ^ 

-0.9 


142270101 


-22.2 * 


7 r> +i:I 

4" J -0.1 


-51.2* 


555170201 


'• y -0.2 


.7 9 + - 2 
-0.2 


0301 








0401 









(6) 



2-10 keV 
log(N) a 
(7) (8) 



Mrk335 



IZwl 

ESO113-G10 

Fairall9 

NGC526A 

RXJ0136.9-3510 

Mrk586 

Mrkl040 

NGC985 

NGC1365 



2E04 14+0057 

3C111 

1H0419-577 

3C120 

2E0507+1626 
Arkl20 

MCG-02- 14-009 

ES0362-G18 

PKS0548-322:G4 

PKS0548-322 

PKS0558-504 



2 6 +0 - 2 
2 3 +0 J 



2.4 +0 - 2 

2 +^ 
2 1+8:3 

4" 1 -0.2 

3.5 +|J 

2 +o:S 
8:1 



2.8 4 
2.4 4 



1 5 +0 - 8 

1 J -0.5 
-i 7 +0.6 



7 7 +0.2 
^■4 -0.2 
7 n +1)4 
4" u -0.3 



1.7- 



, +0.1 
-0.1 

2 7 +0 - 3 
1 9 + ^ : - 
10.5 * , 



2.3 



+oT 
-o.i 



-6 2 +0 - 6 

"•4 -0.6 

-6 2 + 06 

no 



_ 5 4+1.1 
-5 1 ™ 
-7.8 j** 
-11.8 + 3 5 

> +1.5 



-4.8 
-6.3 



;}3 

-8.0*1 

-6.3 ; 3 - 5 

-3.1 +„ 2 



-8.0 + 
-6.6 



_ 74 +i.i 

'■ H -1.5 

-7.5 «| 
-9.3 +2S 
_6 9+u 
-8.6 +« 

-13.0* 



2 +°- 2 

2 + - 2 
z.u _ a2 



1 7+0.3 

1 7 +^ : - 
2.0 + 
3.0 + 
1 7 + B:§ 

■' -0.4 

2.0 + 
2.2 
1.7* 
1.3 * 



-QJ 



:!!:? 



-o. I 

2 2 + 8 
1.9+^ 
2 +^ 



2 + 5 

4- u -0.4 

2.1 + u 
2 +^ 
2 4 + 5 

4'^ -0.4 

2.9 + 20 
2 2 + ^ 
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Name 


ObsID 


0.2-10 keV 


0.2-2 keV 


2-10 keV 






log(N) 


a 


log(N) 


a 


log(N) 


a- 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 




0501 
















0601 














1H0707-495 


148010301 
511580101 
0201 
0301 
0401 


-4.4 +a3 
-5 4 +^ 

J -+ -0.2 


1.7 +al 

2 +^ : ' 
z - u -0.1 


-4 5 + 03 
-5 5™ 

J ' J -0.2 


1 7 +0J 

2 +^ : ' 
z - u -0.1 


-3 +0 ' :2 ' 


1.2 +a2 

1 4 +8:? 
'•^ -0.1 




653510301 
0401 


-5 9 + al 

J y -0.1 


9 9 +0.0 

" -0.0 


-6 1 +0J 
01 -0.1 


9 9 +0.1 
" -0.0 


-3 + a2 

JA ' -0.2 


1 5 + 0J 
*•-> -0.1 



Mrk79 

PG0804+761 

01+287 

Mrk704 

NGC2992 



3C218 

MrkllO 

ESO434-G40 

NGC3031 

S40954+6533 

NGC3227 

1ES1028+511 



HE1029-1401 
KUG1031+398 



NGC3516 



PG1116+215 

NGC3783 
NGC4051 



NGC4151 
PG1211 + 143 

Mrk766 



NGC4258 
Mrk205 
NGC4395 
3C273 



NGC4593 
XCom 



MCG-03-34-064 
IRAS13224-3809 
MCG-06-30-015 



0501 
0601 
554710801 
502091001 
605110101 
502630201 
502091601 
654910401 
0501 
0601 
0901 
1001 
504260101 
201130501 
302850201 
111800101 
502430201 
400270101 
303720201 
0301 
0601 
203770101 
506440101 
561580201 
655310101 
0201 
107460601 
0701 
401210401 
0501 
0601 
1001 
554380101 
0201 
0301 
112210201 
0501 
109141401 
157560101 
606320101 
0201 
1601 
1901 
2201 
2301 
112830201 
402660201 
112610101 
208020101 
502050101 
109141301 
304030101 
0301 
0401 
0501 
0601 
400560301* 
401240301 
142830101* 
126700801 
136550101 
414190101 
0801 
059830101 
204040201 
0301 
304320301 
0801 
506340101 
110890101 
029740101 
0701 



-4.4 + ' 14 
-7 5 +' : ^ 

' ■ J -2.5 

-5.0 + 1 - 3 
-5 7 +2; ^ 
-8.8 + ]» 
-6.9 ^? 



-10.5* 

-13.3 +26 
-9.1 *° 3&5 
-8.7 +>f 
-5 5 + o:s 
_7 7 +0.4 

-8-9 M 

-4.6 + 1 - 2 
-5.3 *^ 
.3 4 +8:5 

-4-9-1! 
-10.1 t\l 

Q 1 +0.4 
~ yl -0.4 



.95+1.1 

yJ -1.3 



7 q +0.4 
~ ly -0.5 

-5 1 + a3 

3 -S-3 



-6.3 
-5.4 



+02 
-02 



-21.8* 

-7.8+" 
-9.8 ' ; 
-5.9 
-8.6 
-6.5 
-6.5 



-0.2 



-8.8 + [° 

-2 3 + 02 

7 Q +L6 

-2.3 

-11.8$ 
-4-6 !g 

_7 g +0.4 

<; s +8:1 

"°- 5 -0.4 

-6 6 + as 

u u -1.0 

-8.5 I 2 - 9 
-5.1 + 03 
-6 9 +°^ 

-0.2 



1 8 

l 9 +8:4 
1 y -0.4 
1 9 +0.4 
-0.3 

1 6 + ° 

1 ° -0.5 
9 ^ +0.3 
" -0.2 
1 9+0.3 



2.2 
3.2 
2.5 
2.1 
1.8 
2.3 
2.0 



+ 1.9 

+4:1 



+0!2 
-0.2 
+0.1 

M 



+0.4 

+8:3 
+8:5 

+8:1 

-0.2 



1.1 

1.6 
1.0 
1.5 

2.5^ 

2.6 



9 r, +0.3 
2 " J -0.3 



9 9 +0.1 
" -0.1 

2 +<u 

9 ^ +0.1 

2 1 + - 1 
z - i -0.1 



5.0 + 20 

2.1 +^ 



2.7 
1.9 



;8:J 



2 5 +o:3 
-0.2 

2 1 +0J 

2 1 +0J 
ia -0.1 



9 9 +0.3 
z - z -0.2 
1 3 +0J 

1 7 +0 - 5 

1 ■ 1 -0.4 

2 5 + - 8 

9 +8:^ 

-0.6 

2 3 +0 1 

L!i -0.1 

1 ft +0-2 
1 - S -0.2 

2.2 +L1 
1 9 +8:5 
,+8:1 



-4.5- 

-6-4 _!: 
-5 2 + 2 - 2 

-8.5 



-12.3 + 23 

-8 4 +1 
-8.2 ^ 

c 4 +0.8 

-7.6 + a5 

_Q -J +i:5 
y D -2.2 



-4.3 +!- 3 

-5.3 +1 " 

-3 6 +^ 
J - u -0.9 

-5-0 4j 



-10-2 _!;^ 

Q 1 +0.4 

71 -0.4 



-9 6 +L2 
7U -1.5 



o 1 +0.5 
-8.1 _ 05 



-4 6 + - 2 
-0.2 

-6 3 +a4 

U - J -0 4 



-U.4 

-5 3 + 02 
J,J -0.2 



_9 9 +1.6 

"6-3 ^1 
-8.6!?; 
-6 6 +a3 

-6 5- 

°- J -0.2 



-8-8-1:3 

ft ft +0-8 
_o. 9 

-6.4* 

"I" % 
-4-6 !g 



2.3 



■0.1 



_7 9 +0-5 

-5 7 + " :4 
J -' -0.4 



-6 9 *°- 9 



c 9 +0.4 



1 +0.1 



1.1 

1 7 H 
12 +09 

1 6 ^ 
1 -0.6 
9 9 +0.3 
" -0.2 



2.9 +08 

2 3 * 
-0.2 

2 +0 - 5 
2 - u -0.4 
1 o +0.2 

1 -8-0.2 

2.3 +"■! 



2.1 +: 



-0.3 



1 +°- 4 

1-0 1 

1 5 +0 - 2 

1 J -0.2 

2 6 +0 3 

-0.3 

9 7 +0.1 
^ ' -0.1 



9 4 +0.3 
-0.3 



9 -1 +0.1 
" -0.1 

1 9 +0 1 
' ■^ -0.1 

2 3 +0 J 

-0.1 

2 + - 1 
2 - u -0.1 



2 7 +n - 5 

2 1 +^ 
ia -0.2 

2 5 +0 - 3 
Z — J -0.2 
9 9 +0.1 
z - z -0.1 
9 9 +0.1 
z - z -0.1 



9 9 +0.3 
" -0.3 

1 o +0.2 
'■8 -0.2 
1 4 +0.4 

2.6 +"? 



9 + 8:< ' 
u y -0.6 

2 3 +0 - 2 

1 o +8:1 
1.8 _ 01 



1 9 +0.2 
'■^ -0.2 



-6.9 



1 9 +0 1 
+8:1 
-0.1 



9 9 +0.8 
" -0.9 

.47+1.2 
-1.4 



-9.4 + 2 ; 2 



-7.2 



-12 



-21.7* 



-9.4 



:?:§ 



-2.2 



2.3 



-7-5^ 

-3-5^:5 
-5.4 +a6 
_4 s +8:5 

-0.3 



-10.6 +f| 
-8.3 t% 
-8 5 + 2 
-5 +^ 
.76+1.5 
' -° -2.0 
-4.3 + 03 

.4 g +02 
-0.2 



-2.3* 

-5.5 +L4 
.9 +^8 
-2.3 
-15.9* 

-4-6 ^ 

-8.3 +J' 

-4 8 + 11 
-1.6 

-11.5* 

-8.8 + 2 ; 2 

-3.0 + as 

-5 3 +^ 
J - J -0.2 



1 3 +a2 
1-J -0.2 

1 6 + 04 
1D -0.3 

2.4 + 06 
2.0 M 



5.1 
2.5 



+4:? 



3 + - 9 3 + - 6 
-2.3 U - J -0.2 

-6.5 ^ 2.0 *° \ 
2.5 



0.4 



-1.81" 

-0.6 a 


0.5 + as 

5 + ^ 
"• J -0.3 


-3.0- 


1 5 + - 2 
1-J -0.2 


-10.2 +!; 4 


2 6 +a4 
-0.3 


-8-3!^ 


7 4 + 01 
-0.1 



2 1 +a2 
-0.1 

1 5 +0J 
1 - J -0.1 

2 1 +02 

-0.2 

'•8 -0.1 



2 7 + 08 
9 -i +8:1 
" -0.3 
2.4 +ofi 

1 ft +8:^ 
LS -0.2 
9 -i +0.5 
i " 3 -0.4 

1.6 4; 
1.6 



-01 



-0.7* 

1 5 +a4 

i.j _ 03 

3 + °- 6 
u - j -0.2 

3 5 * 

j - j -1.9 



2 4 +0-3 

2.8 + 22 

2 5 + - 8 
1 4 +^ : ^ 

1.8 4, 
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Name 


ObsID 


0.2-10 keV 


0.2-2 keV 


2-10 keV 






log(N) a 


log(N) a 


log(N) a 


(1) 


(2) 


(3) (4) 


(5) (6) 


(7) (8) 



IRAS 13349+2438 

IC4329A 
Mrk279 
Circinus 
NGC5506 

NGC5548 

ESO511-G030 

RBS1399 



Mrk841 
PKS 1549-79 
PDS456 

ES0141-G55 

NGC6860 

Mrk509 



IGRJ2 1277+5656 

PKS2135-14 

PKS2155-304 



NGC7172 
NGC7213 
NGC7314 
Ark564 

MS22549-3712 
NGC7469 



NGC7582 



0801 
111570201 
096010101 
402080301 
147440101* 
302480401 
111240101 
554170101 
0201 
089960301 
502090201 
111850201 
165770201 
310190101 
0201 
205340201 
550970101 
501580101 
0201 
503750101 
552170301 
306090201 
0301 
0401 
601390201 
0301 
0401 
0501 
0601 
0701 
0801 
0901 
1001 
1101 
655450101 
092850201 
080940101 
0301 
124930201 
0301 
0601 
158961301 
1401 
411780201 
0401 
0501 
0601 
202860101 
605800301 
311190101 
206400101* 
205390101 
207090101 
0201 
204610101 



.7 3 +0-5 
-6 9 +^ 
85^ 

-9.5^ 
.4 9 +23 

-8-1 M 

7 Q +0.6 
"'■8 -0.8 
7 3 +0.8 
' ' J -OS 



-0.8 
-0.8 

-10 5 * 1A 

1U.J 33 
7 7 +1.6 

-2.5 

-8 4 +15 
o.t _ 2 4 

7 3 +0.9 
- 5 '.1^ 

a i +5:4 

y - L -0.9 

-114+2" 
-33 
-9.8 ? 10 
n 7 M 
y -' -1.0 



Q 7 +0.4 
-0.5 



_5 9 +0-4 
-4 8 ^ 

-1.5 
7 Q +0.4 
-0.4 



-8.9 



+0.4 
-0.5 



-7-6^ 



-8.9 
-4.8 
-5.0 
-5.4 
-8.1 
-9.1 



+ 1.9 

+§:§ 

-1.2 
+0.4 

+8:i 
M 
M 

-0.8 



7 4 +0.2 
-0.2 

2 1 +02 



2.3 i — 
0.6 ^ 

2 2 + ^ 

1 7 ^ 

-o.i 

2 4 +0J 

-o.i 

2 1 +0 - 2 
-9-2 
! 9 +o.2 

7 4 +8:f! 
1 Q +8:6 

1 y -0.4 
2.1 +03 

1.4 +^ 

2 5 

z —' -0.2 

2.6 +0 - 8 
2.6 ?^ 

7 3 +8 : 3 
" -0.2 



7 ^ +0.1 
-0.1 



2.0 +0 1 
j 3 M 

L - J -0.3 
7 7 +0.1 
" -0.1 

7 ^ + - 1 
-0.1 



2.1 ■ 



7 4 +0.6 
-0.5 

1 2 +0J 

1 -0.2 

1 8 +nl 
! 9+8:1 

2.4 

7 4 +83 

-0.2 



-7.4 ? a5 
-7 6 

-8 5^ 

■0-7 32 
-10 1 + 1 - 6 

-4.6 + °f 



-6.6 



-0.8 



+0.6 
+0.8 



-7.5 

-7.1 _ ua 
-242* 

a i +2.0 
-3.3 
r +1.6 
-2.2 



-8.6 



-7.6 



+ i.l 



a +0.8 

yy ' -0 9 



-12 2 + 25 

-3+ 

-8.9 +<!i 



-9.4? 



_Q 7 +0-5 
~ y - ' -0.5 



e o +0.4 
+H 

-6.2 i * 



-8.9 



+0.4 
-0.5 



-5.6 ? L2 
-4 8 +o: ^ 
-07^ 
-8 8^ 



2.4 
2.2 
2.3 
2.0 
2.4 
1.6 
2.0 

2.0 
1.9 
5.3 
2.0 

2.0? 

2.2? 

2.5? 

2.8? 
2.4? 
2.2 4 



+0.2 
-0.2 
+0.3 



+!!:? 
+<b 

-0.2 

+0.2 

-Q-2 
+0.2 

+5:3 

-2.0 
+0.8 

+8J 



2.3 



1.9 
1.6 

2.2 

2.3 



1.4 
1.8 
1.8 

2.5 
2.4 



+0.1 
-0.1 



-0.1 
+0.1 



-8.0 *° 5 5 2.1; 
-7.9?^ 2.1; 



+8:1 
+8:1 
+8:3 

-0.2 



-2.3 *\\ 0.8 ?°' 3 



-2.0 



+1.0 
LQ_ 



-5 2 +a5 
-4^ 

-i4.i ; 3 - 5 


1.8 

1.5 
3.6 


-0.7 ?]" 


1.9 


- 5 - 2 -06 


1.7 


-8.0^ 


2.3 


-10.6 ? 2 ,° 
-13 3 + 3 - 6 


2.6 
3.1 


-5 9 +L2 

-1.5 


1.6 


-9.6 I" 


2.3 


-6.8?- 


2.0 


-6.8 +2 | 


1.8 

2.4 


-6.o ;>- 7 


1.5 


-9.2 +1J 


2.5 


-9 2 

-2.4 


2.3 



-10.6*2 



.5 3 +0-4 

.19+9:! 
-8-1 S 

"8-5^ 



-7.4 H 



-8.5 _';* 

.4 3 +0-5 
-5.4 +,: 5 

-2 *^ 
.93^ 

^ J -1.5 



0.8 



-2.2 



+2.2 
2J_ 



+0.2 
-0.2 
+03 



-0.1 



-0.5 



-03 

+2.0 
-0.7 



+3.2 

+IB 



2 6 +a2 
- 4 - -0.2 



1 8 +al 

7 +" :3 

u - ' -0.3 
7 +0.3 
" -0.2 

7 4 +0.2 
-0.2 



2.1 



7 t +0.6 
" -0.4 

1 6 +0J 
14 * 

0+8:3 

2 5+8:1 

-0.3 



0.8 



+0.3 

1'able 2. Parameters of the tit ol' to Model A. Asterisks mark those observations 



+0.6 
-0 5 



where the Poisson noise level has been fixed. 



Name 



ObsID 



0.2-10 keV 



0.2-2 keV 



2-10 keV 



(1) 



(2) 



log(N) 
(3) 



(4) 



log(v br ) log(p) 
(5) (6) 



log(N) 
(7) 



(8) 



log(v br ) 

(9) 



log(p) log(N) 
(10) (11) 



(12) 



log(Vbr) 
(13) 



log(p) 
(14) 



Mrk335 


306870101 


-2.3 


ESO113-G10 


301890101 


-2.2 


Mrk586 


048740101 


-2.2 


PKS0558-504 


555170201 


-1.5 




0301 






0401 






0501 






0601 




1H0707-495 


511580101 


-1.4 




0201 






0301 






0401 






653510301 


-1.1 



-0.2 
+0.3 
-0.2 
+0.2 
-0.2 



+0.1 
-0.1 



-5 7 +0.4 
' -0.4 

3 +0 - 6 

Ju -0.4 

4 2+13 

-0.8 

2 5 +0J 
-o.i 



2 5 +al 
-o.i 



-3 76 + 010 
j./u _ 012 

-3 73 +018 



2.5 



-3 69 + - 09 



_ 3 90 +0.09 

J yu -0.11 



-6.3 
-2.3 



-0.26 

3 92 + 015 _i 7 

J ' ,z '-0.22 '•' 

-4.60 ?» ?5 -2.5 



_9 -3 +0.2 •! £. +0.4 

A. 3 _„ j J.U _ Q 3 

_9 9 +0.2 9 q +0.6 
z ' z -0.2 -0.4 

_9 9 +0.4 q q +1-2 
' -0.2 -0.8 

i c +0.2 9 c +0.1 

1.J _Q J 



-9 -1 4+ 01 2 5 +ai 



-9.0 



-1.2 4 



2.6 4 



-3.80^5 

-3 75 + 019 
-0.30 
_3 94 +0.17 
D - yH -0.26 
A 59 +0.15 
7 -0.20 



-3 69 + - 09 



■X oo +0.09 
" j ' SS -0.10 



-5.4 
-2.0 
-1.5 
-2.6 



-9.0 



-9.0 



-2 3 + 01 

" -o.i 

7 7 +0.2 
-0.1 
.1 9 +02 
-0.2 
i 3 +0.4 
l D -0.2 



-1 2 +0J 
l ' z -o.i 



3 7 + 10 

4 5+51 

-1.7 

10.7* 

2.4 +"? 



2 6 +a4 

-0.3 



-3 64 + 010 -4 

J '"+ -0.14 

-3.64 ?»;| 2 -1.8 

-3.78?;^ -2.1 
-4.78?^ 



-1.0 



-3.37 -5.2 



-0.9 1 



2.2 



-3.50 4 



-4.3 
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Name 



ObsID 



0.2-10 keV 



0.2-2 keV 



2-10 keV 



(1) 



(2) 



log(N) 
(3) 



(4) 



log(Vbr) 

(5) 



log(p) 
(6) 



log(N) 
(7) 



(8) 



log(Vbr) 

(9) 



log(p) 
(10) 



log(N) 
(11) 



(12) 



log(Vbt) 
(13) 



log(p) 
(14) 



ESO434-G40 
NGC3227 
KUG1031+398 
NGC4051 



Mrk766 



NGC4395 
MCG-06-30-015 



Circinus 
NGC5506 

NGC6860 
Ark564 

MS22549-3712 



0401 
0501 
0601 
554710801 
302850201 
400270101 
506440101 
109141401 
606320101 
0201 
1601 
1901 
2201 
2301 
109141301 
304030101 
0301 
0401 
0501 
0601 
142830101* 
029740101 
0701 
0801 
111570201 
111240101 
554170101 
0201 
552170301 
206400101 
205390101 



-1 2 +a2 
-q.l 

-2.7 + 03 

-2 3 + ^ 
" -o.i 

7 7 +0.1 

-P.-1 

-1.2 +a2 

-1 3 ^ 
1,J -o.i 



-18 +02 
-1.8 _ 01 



-1 1 +0 ° 

-0.1 

-1 7 +al 
-o.i 



-2.0 
-2.2 
-2.4 



+0.2 
-0.1 
+0.1 

+8:9 
-0.1 



7 7 +0.2 
' -0.2 
1 q +0.2 
l y -0.1 
7 7 +0.2 
-0.1 



3 Q+1.2 

- 3U -0.6 

3.5 + as 

3.4 +^ 
3 3 +8:i 
J - J -0.7 

2 5 +a2 
-0.2 

2.7 



-0.1 



2 7 +a2 
7 q +8:5 

*" y -0.1 



7 1 +0.6 
-0.4 

2-8 t! 



3 4 +0 5 

3 ' 2+ 06 

3 6 

Ju -1.7 

4 6 +1 - 6 
2 5 +a3 

^•J _o.3 

30.9 * 



-3 46 +u ls 

J-MO -0.28 

-4 06 + 015 

-0.23 

-3 64 +8 -' 2 

-0.15 
.7 44 +0.11 
-0.17 

-3.56 + 017 
-3 51 + ^ : ^ 



_3 7 c +0.15 
" -Q-2Q 
-3 69 + °™ 

-0.09 



-2 66 +0 16 

z.uu _ 32 
70 +0-09 
J -' y -0.10 

-3 50 +0 12 
J - Ju -0.16 

-3.39 +011 
-3-78 S 

-4-03 *$ 
-3.46 ™JI 
-3.76 



-2.4 
-2.1 
-4.4 
-2.5 
-3.4 
-9.0 



-1 2 +0 - 2 
-0.1 

-2 6 +a<l 
-0.2 

_2 2 +ti - 2 
" -0.1 

_7 7 +0.2 
-0.1 
-1.1 + 02 

-1 3 
1-J -0.1 



7 q +0.9 
-0.6 

3.0^ 



3-4 !s 
3.1 «•» 
2.3? 



2 6 +^ 
z - u -0.2 



7 4 q +0.19 
3My -0.28 

-4 27 +0 - 26 

.7 47 +0.12 
-0.20 

-3.69 + 022 
7 +fHo 1 
-0.13 



-2.4 
-0.9 
-3.9 
-2.2 
-2.4 
-7.2 



-1 1 +al 

11 -Q.l 

-2.7 + a2 

-2 5 + ^ 

''"> -0.1 

-2 1 +a2 

-0.2 

-1 3+1-3 

-5^ 

1-J -0.1 



7 * 

' -4.5 

4 1 + 1 - 2 
3 5+?:i 

JJ -0.8 

-21.4* 

1.7 + a3 

2 7 + ^ 
z -' -0.3 



-3 30 +015 

-3.94 +cu2 

-3 60 +^ 
J - Uu -0.21 

-3.94 +0 - 41 
-3.99 + ^ : ^ 
-3 4? +^ : ^ 

-0.14 



-1.1 

-2.9 
-2.8 
-0.7 
-0.5 
-4.9 



-0.04 



■3.8 
■9.0 


-1 8 +a2 

1 K +0 1 ! 


2 7 +a2 


- 3 - 78 -sl 

.7 74 +0.08 
- ■ -0.10 


-3.6 
-9.0 


-2 +al 
-0.1 

-1.6* 


7 Q +0-8 
2 - 8 -0.6 
2.0* 


7 77 +0.13 
J - A/ -0.24 

-4.04 * 


-2.3 
-1.2 


-2.2 
9.0 


2 9 * 

-1 6 +al 
1D -0.1 


2.8 3:1 


-10.20* 

-3 84 + - 09 
J - OH -0.11 


0.0 
-9.0 


-1 6 +3J 
1D -0.9 
1 s +01 
-0.1 


0.2 i a " 
7 4 +0.2 
-0.2 


-2.68 +3 « 

-3 74 +° :i5 
J - -0.21 


-0.1 
-4.2 


-4.0 
■3.4 
-6.4 


-2 +a2 
-0.1 
7 7 +0.1 
" -0.1 
7 7 +0.1 
-0.1 


3 4 +a5 

41 as 
-1.1 

9-4*3.7 


7 C7 +0.12 
-D.JZ. _ Q [6 

_3 34 +0.10 
3m3 * -0.14 

-3 61 +0 M 

D - vl -0.07 


-3.9 
-3.0 
-6.1 


-2 1 +0 - 2 
/ ~ 1 -0.1 
7 1 +0.6 
-0.2 
.7 4+0.1 
-0.1 


7 q +0.8 
^ -0.5 

2 1 +0 - 6 

3 6 

J " -0.4 


7 77 +0.17 
-0.27 
.3 q7 +0.38 
-1.21 

-3.78 3» 


-2.1 
-0.7 
-6.2 


■3.0 
■3.0 

-2.2 


-2 6 +0 - 3 
-0.2 

.1 0+0.2 
-q.l 
7 7 +0.3 
-0.2 


3 6 +0 9 
3-a -0.6 

2.6 1 
8-0*4.i 


-4 09 +015 

-0.23 
-3 47 +0-" 
-0.25 

-3 84 + 08 

- ,c " -0.23 


-2.1 
-3.2 
-2.1 


7 Q +02 
-2-8-0.1 

1 8 +0-2 
_1 -8 -0.1 

ZA ' -0.1 


10.9 * 

2 2 * 

-0.6 

25.5* 


7 Q7 +0.04 
" j -8' -0.04 

_3 j5 +0.20 

-3 00 +" : " 
- -0.10 


-3.9 
-0.9 
-0.5 



Table 3. Parameters ot the PSD hts to Model B. Asterisks mark those observa- 
tions where the Poisson noise level has been fixed. 
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Breaks reported in this study 



Ret 



Type 



Satellite 



log(M B n) 



Lbo! 



FWHM(H/3) 
(km/s) 



log(Vbr) 



Vbt X P(v br ) 
(Xl0^ 3 ) 



(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


Mrk335 


1 


NLSY1 


XMM 


0.2-10 


7.34(1) 


44.69(1) 


1629 


3 73 +u l3 


-3.76 +lul 
-3.73+"'g 


2.2 ± 0.3 


ESO113-G10 


1 


SI 


XMM 


0.2-10 




44.17(7) 




2.98+^ 


2.9 ± 0.5 


PKS0558-504 


1 


NLSY1 


XMM 


0.2-10 


8.48(12) 


46.74(6) 


1250* 




-4 60 +8:IS 

^' -0 .18 


16.6 ± 3.1 


1 H0707-4QS 




NLSY1 


XMM 


0.2-10 


6.37(2) 


44.43(2) 


935 


2 5()+0.25 


_3 00+0.07 


24.2 ± 1 .4 


ESO434-G40 




SI 


XMM 


0.2-10 


6.30(3) 


44.30(3) 


2490* 


3 52 + ^ : ^ 
3 44+8:38 


-4 06+°- 19 


1.0 ±0.2 


NGC3227 




SI 


XMM 


0.2-10 


6.88(4) 


43.86(1) 


4920 




2.2 ±0.3 


KUG1031+398 




NLSY1 


XMM 


0.2-10 


6.60(5) 


44.82(4) 


1500 


3 26+^ 
-Q-92 




1.1 ±0.1 


NGC4051 




NLSY1 


XMM 


0.2-10 


6.13(4) 


43.56(1) 


1120 


2 63 +tl38 

-o 


-Q.Q9 


25.3 ± 1.9 


Mrk766 




NLSY1 


XMM 


0.2-10 


6.57(6) 


44.08(5) 


1630 


2 7 q+l).5g 


-3 70+° °* 

J - /U -0.08 


7.3 ± 0.5 


NGC4395 




SI 


XMM 


0.2-10 


5.55(7) 


41.37(5) 


1500 


2 13+0.22 


-2 66 +0 - 24 
-Q-24 


37.9 ± 1.7 


MCG-06-30-015 




NLSY1 


XMM 


0.2-10 


6.71(8) 


43.85(5) 


1700 


o 0-1+8:2$ 

-8.28 


-3 75 + o.08 


6.9 ± 0.6 


Circinus 




S2 


XMM 


0.2-10 


6.23(14) 


43.60(8) 


1925 


3 23 

3 60+^ 


-3,39+0^ 
-3 7g+o'® 


3.3 ± 0.4 


NGC5506 




NLSY1 


XMM 


0.2-10 


7.45(9) 


44.00(5) 


1800* 


1.9 ± 1.0 


NGC6860 




SI 


XMM 


0.2-10 


7.59(13) 


44.53(7) 


3900 


-4 03^ 
.346+8:13 

J '™-0.22 


1.0 ±0.2 


Ark564 




NLSY1 


XMM 


0.2-10 


6.90(9) 


44.90(5) 


865 


2 51 +li:TI 


6.3 ± 1.0 



Name 


Ref. 


Type 


Satellite 


Band 


log(M B n) 


Lbo! 


FWHM(H/3) 
(km/s) 


a 


log(Vbr) 


( 1 1 


PI 


ni 


(41 
V*) 


(51 


(6*1 


11) 
(If 


f81 


(9) 


f 1 01 


Mrk335 


2 


NLSY1 


XMM 


0.2-10 


7.34(1) 


44.69(1) 


1629 


3.80+-° 


.3 72+0.1S 
.4 59+8:S 


NGC 3227 


3 


SI 


RXTE 


2-10 


6.88(4) 


43.86(1) 


4920 


>1.90 


KUG 1031+398 


4 


NLSY1 


XMM 


0.2-10 


6.60(5) 


44.82(4) 


1500 


3 40+i so 
2 - 00+ oI 


-3 37+8+^ 
-5 70+8^ 

J " -0.30 


NGC 3516 


5 


SI 


RXTE 


2-10 


7.50(4) 


44.29(1) 


3350 


NGC 3783 


5,6,7 


SI 


RXTE 


2-10 


7.47(10) 


44.41(1) 


3570 


1 90+ o: ' 5 


-5.20+2« 


NGC 4051 


8,9,10 


NLSY1 


RXTE/XMM 


2-10 


6.23(4) 


43.56(1) 


1120 


2 03+0-* 

-MP. 


-3.08^'| 


NGC4151 


5 


SI 


RXTE 


2-10 


7.12(10) 


43.73(1) 


5000 


2 10+'- 9ii 


_ 5 9o+o:J3 


Mrk766 


11,12 


NLSY1 


XMM 


0.2-10 


6.57(6) 


44.08(5) 


1630 


2.80+f! 


-3 30 

-3 52 

-3.3o4f 
.3 30+8:18 




11,12 




XMM 


0.2-0.7 








2.60*™ 

2/70+°|j 




11,12 




XMM 


0.7-2 










11.12 




XMM 


2-10 








2 30+8^8 

-IMP. 


NGC 4395 


13 


SI 


ASCA 


1.2-10 


4.70(7) 


41.37(5) 


1500 


j 78+o-iy 


.3.49+8:18 
-2 90+^ : ^ 




14 


SI 


XMM 


2-10 








2 24+8:1!; 

''••'^-0.40 


Fairall 9 


5 


SI 


RXTE 


2-10 


8.41(10) 


45.23(1) 


6270 


2 20+ - 65 

z " ZA '-0.20 


-6 39+ - 20 


MCG-06-30-015 


15 


NLSY1 


XMM 


0.2-10 


6.71(8) 


43.85(5) 


1700 


2.50+ 015 


_ 3 00+0.30 
_2.89+8:55 
-3 10+^ : ^ 




15 




XMM 


0.2-0.7 








2 55+8:26 




15 




XMM 


0.7-2 








2 30+^ :T ^ 




15 




XMM 


2-10 








2 10+ 015 

— Q-15 


-3 00+ - 30 




16 




RXTE 


2-10 








2 00+ 0J0 


-4.29+ - 30 


IC4329A 


17 


SI 


RXTE/XMM 


3-10 


8.34(11) 


45.52(2) 


5960 


2 30+ - 80 


-5 60+™ 


NGC 5506 


3 


NLSY1 


RXTE 


2-10 


7.45(9) 


44.00(5) 


1800* 


>1.80 


-4 85+ - 87 

^• OJ -0.33 


NGC 5548 


5 


SI 


RXTE 


2-10 


7.64(4) 


44.83(1) 


5800 


2.05+ - 50 
,20+8:^ 
, 90+ 8:?, 


-6 22+ - 60 


Ark 564 


5,18 


NLSY1 


RXTE 


2-10 


6.90(9) 


44.90(5) 


865 


-5.80+11 




19 




ASCA 


0.7-5 








-2.64+ 8 '? 




19 




ASCA 


0.7-2 








1.98+^+ 
j g7+8:^+ 


-2 58+8:°^ 
-2 77+8^-' 
-5 17+^ 

'-0.25 




19 




ASCA 


2-5 








PKS 0558-504 


20 


NLSY1 


XMM/RXTE 


2-10 


8.48(12) 


46.74(6) 


1250* 


2-2llo 


NGC 7469 


21 


SI 


XMM/RXTE 


2-10 


7.39(10) 


44.56(1) 


2650 


1.8021 


-6 00+ - 50 

U - UU -0 40 



Table 4. Compilation of frequency breaks reported here and in the literature. 
Note that here we refer to 'SI' to all the AGN with detected broad emission 
lines. FWHM of Pa/? is given (instead of H/J) for sourc es marked with aster - 
isks. The references for the PSD fits are: 1. This w ork, 2. Arevalo et al. (2008), 
3. lUttlev & McHardvl d2005l). 4. IVaugharJ fcOlCft . 5 . iMarkowitz et alj (12 003). 
6.lArevalo et al.l d2009h. 7.ISummons et alJd2007h. 8.lMcHardv et al.1 d2004h . 9. 
iPapadakisI ( 12004 ). lO. fVaughan et alj d2011h. l l. lVaughan & FabiarJ d2003h . 12. 



13. 



Vauah; 



an et ; 
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Appendix A: PSD breaks/bends in the literature 

Here we give a short summary of previously reported PSD fre- 
quency bends/breaks together and a comparison with our results. 
Table|4]shows the parameter values discussed here. It should be 
noted that the XMM-Newton data discussed in the present paper 
are sensitive to bends only in the frequency range from > 10~ 4 
to ~fewxl(T 3 . 

• Mrk 335: The 0.2- 1 keV band PSD of Mrk335 was re- 
ported by lArevalo et al.l (12008b using the same data-set used 
here. Our results a re consistent with theirs. 

• NGC3227: lUttlev & McHardvl d2005h analyzed the 2-10 
keV band PSD of NGC 3227 using RXTE data and reported a 
break at 2.6 x 10 ~ 5 Hz, a factor ~ 9 lower than our result. 
iKellv et al. I (l201lh analysed the RXTE and XMM-Newton data 
using a different method for power spectrum estimation, and ob- 
tained a bend frequency of ~ 3.7 x 10~ 5 Hz. Some of the discrep- 
ancy between these results and ours may be due to the different 
energy bands and responses use d in the different the analys es, i.e. 
2-10 keV RXTE data used by lUttlev & McHardvl (l2005h com- 
pared to 0.2-10 keV XMM-Newton data used here, although it 
seems unlikely this can account for all the difference. 

• KUG 1031+398: V10 presented an analysis of the 
KUG 1031+398 data using essentially the same method as in 
the present analysis. The two sets of results are fully consistent 
with each other. 

• NGC3516: iMarkowitz etail d2003l) reported the 2-10 
keV PSD of NGC 3516 using RXTE data. They found a high- 
frequency break at log(vb) = -5.7 + 0.4 (slopes of 1 and 2 be- 
low and above the frequency break, respectively). These are out- 
side the frequency range available to the XMM-Newton data. As 
expected we find no strong evidence for a bend within the fre- 
quency bandpass considered here, and the M odel A slope iscon- 
sistent with the high frequency slope of Markowitz et al. (2003). 

• NGC 3783: The power spectrum o f this objects ha s 
been discussed by IMarkowitz etail (120031). IMarkowitzl (120051). 
Sum mons etail (120071) . lArevalo et al.1 d2009b and IKellv et al. I 
(l201ll) using combinations of RXTE and XMM-Newton data. 
These papers report a single bend in the PSD at ~ 6.2 x 10~ 6 Hz, 
outside the frequency bandpass available to the XMM-Newton 
data. The power spect ral slopes reported here are slightly flatter 
than those reported by IMarkowitzl (120051) ■ 

» NGC 4051: The PSD of NGC 4051 has discussed by 
IMcHardv et all (12004 iMiller et al. I d2010b and IVaughan et atl 



(201 lb. IMcHardv et all 120041) used RXTE and XMM-Newton 



data and found a fr equency bend a t log (vb) ~ -3.1, albeit with 
a large uncertainty. 1 Vaughan et al.l (1201 ll) analysed a series of 
XMM-Newton observations, finding broadly similar results but a 

slightly lower bend frequency (log(v/,) 3.7). Here we report 

a PSD bend at log(vb) 3.5, consistent with those reported by 

with other analyses. 

• NGC4151: IMarkowitz etail (120031) discussed the 2-10 
keV PSD of NGC 4151 using RXTE data, and reported a break 
frequency (using a broken power law model) of ~ 10~ 6 Hz, out- 
side of the frequency bandpass available to the XMM-Newton 
data. The single power-law model (Model A) applied to the 
XMM-Newton data gave a best-fitt ing slope (2.1) identica l to the 
high frequency slope reported by Mark owitz et al.l(l2003l) . 

• Mrk766: T h e PSD of Mrk766 wa s studi ed by 
Vaug han & Fabianl d2003b . IMarkowitz etail d2007l) and 



Kelly et al. 



( 201 ll) . The main parameters (bend frequency and 
high frequency slope) are broadly c ompatible with ou r findings. 
The bend frequency reported by Marko witz et al.l (12007b is 
slightly higher, but we assumed a low frequency slope of 1 



whereas they fitted for this parameter and found a slightly 
steeper slope. 

• NGC 4395: IVaughan et ail d2005b report on the PSD us- 
ing XMM-Newton data, and their results are completely con- 
sistent with those presented here (the i r fitt ing method differs 
from that used presently). IShih et ail (12003b previously used 
ASCA data to study the PSD of NGC 4395, finding a PSD break 
at log(vfo) = -3.5 (with slopes of a ~ 1 and a ~ 1.8 at 
low and h igh frequencies, r espectively). However, the PSD re- 
ported by IShih et al.l (l2003b lacked data in the frequency range 
log(v) = [-4, -3.4], which hampered accurate estimation of the 
frequency break. 

• Fairall 9: IMarkowitz etail d2003h and IKellv et al. I d2011l) 
discuss the PSD of this source using RXTE data. The former pa- 
per reports an upper limit on the bend frequency of log(v/,) ~ 
-6.4, and the latter paper gives an estimate of log(vfc) » -5.6, 
outside of the frequency bandpass available to the XMM-Newton 
data; as expected given these results we find no strong evidence 
for a bend in the present analysis. The single power-law fit (i.e. 
Model A) shows a slope consistent with the previous high fre- 
quency slope estimates. 

» MCG- 6-30- 15: IVaughan et all d2003Bl) and 
IMcHardv etail d2005l) have reported on the PSD of this 
source. In the present pap er we report and bend frequency 
higher than that reported by IVaughan et al.l d2003Bl) . However, 
they used a sharply broken power law while here we use a bend- 
ing power law model, which means the freq uency parameter is 
not strictly the same. IMcHardv et al. (2005) analysed together 
the RXTE and XMM-Newton data and found a good fit using 
the bending power law model. Their estimated bend frequency 
is a factor » 3 lower than that reported in the present paper. 
This may in part be due to the use of different energy bands 
between the analyses (e.g. 4-10 keV for RXTE and 0.2-10 keV 
XMM-Newton). 

• IC4329A: IMarkowitzl d2009b reported the 3-10 keV band 
PSD. They fitted the PSD to a broken power law with a break 
at log(vb) ~ -5.6, outside of the frequency bandpass avilable 
to the XMM-Newton data. They report a high frequency slope 
a = 2.3^Q4 consistent with the slope using with Model A in the 
present study. 

• NGC 5506: lUttlev & McHardvl d2005h and IKellv et al.l 

(1201 lh reported on the PSD of NGC 5506 using RXTE data. The 
PSD bend frequency estimated in the present analysis is a factor 
» 3 higher. This may in part be due to the use of different energy 
bands between the analyses (e.g. 2-10 keV for RXTE and 0.2-10 
keV XMM-Newton). 

• NGC 5548: IMarkowitz etail d2003b and Kelly et al. I 
(1201 ll) report on the PSD of NGC 5548. They found a 
break/bend frequency at log(vfo) 6.1, far outside the the fre- 
quency bandpass avilable to the XMM-Newton data; as expected 
given these results we find no strong evidence for a bend in the 
present analysis. The single power-law fit (i.e. Model A) shows 
a slope consistent with the previous high frequency slope esti- 
mates. 

■ Ark 564: T h e PSD of t his source has b e en di scussed 
by iPounds et al~l d200ll) an d IMarkowitz et al.l (l2003h using 
RXTE data. iPapadakis et all d2002b using A SCA data, and 
IMcHardv et all d2007h and IKellv et al. I d2011l) using combina- 
tions of these datasets. The bend frequency estimate reported 
in the present paper i s a factor ~ 6 lower than that reported by 
IMcHardv et al] d2007l) . but consisten t with that fromlKellv et al. I 
(1201 lb . However, as discussed by IMcHardv et al] d2007b the 
PSD of this source may be more complicated than the simple 
bending power law model assumes. 
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• PKS 0558-504: iPapadakis etall ([20 10) combined XMM- 
Newton and RXTE data to estimate a PSD bend frequency of 
log(vi) « -5.2, outside the the frequency bandpass avilable to 
the XMM-Newton data. The apparent detection of a PSD bend, 
as reported in t a ble 3 is therefore quite unexpected. However, 
Papadakis et a D d20lol) found evidence for a bump (perhaps a 
broad QPO) in the PSD at frequencies consistent with our bend. 
Thus, our bend detection is plausibly a misidentification caused 
by the more complicated PSD shape. 

• NG C7469: The 2-10 k eV PSD of NGC 7479 was dis- 
cussed by iMarkowitzl (2010) using RXTE and XMM-Newton 
data. The found a bend outside the frequency bandpass available 
to the XMM-Newton data. As expected based on this, we find no 
evidence for a bend using the XM M-Newton d ata alone. The high 
frequency slope reported by Mark owitzl (|20 1 0b is consistent with 
our slope using the single power-law model {a - 1.8 + 0.2). 

Appendix B: Catalogue of PSDs 

(online material) 



